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(54) Mounting structure, module, and liquid container 

(57) The mounting structure for mounting the piezo- 
electric device (106) used to detect the consumption 
condition of the liquid in the liquid container (1) to the 
liquid container (1), having the receiving portion (363) 
to which the piezo-electric device (106) is to be mounted 
and the mount portion (363) to be mounted to the liquid 
container (1 ). The mounting structure can appropriately 
mount a piezo-electric device (106) for detecting the 
consumption condition of a liquid in a liquid container 
(1 ) to the liquid container (1 ). 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001 ] The present invention relates to a mounting structure for mounting a piezo-electric device for detecting a liquid 
consumption condition in a liquid container by detecting changes in an acoustic impedance and particularly detecting 
changes in a resonance frequency, a module having the mounting structure and the piezo-electric device, and a liquid 
10 container having the module and a container body. 

Description of the Related art 

[0002] An ink cartridge to be mounted in an ink jet recording apparatus will be explained as an example of a liquid 

15 container of a related art. Generally, the ink jet recording apparatus has a pressure generating means for pressurizing 
a pressure generating chamber, a carriage mounting an ink jet recording head with nozzle openings for injecting pres- 
surized ink as ink drops, and an ink tank for containing ink to be fed to the recording head via a flow path and is 
structured so as to permit continuous printing. The ink tank is generally structured as a cartridge attached to the re- 
cording apparatus in a removable state so as to be simply exchanged by a user when ink is consumed. 

20 [0003] Conventionally, as an ink consumption control method of an ink cartridge, a method for totalizing the count 
of ink drops injected by the recording head and the ink amount sucked at the maintenance step of the printing head 
by the software and controlling the ink consumption from calculation and a method for attaching two electrodes for 
direct liquid level detection to the ink cartridge, detecting the point of time when ink is actually consumed in a prede- 
termined amount, thereby controlling the ink consumption are known. 

25 [0004] However, the method for totalizing the injection count of ink drops and sucked ink amount by the software 
and controlling the ink consumption from calculation imposes a problem that the pressure inside the ink cartridge and 
ink viscosity are varied with the use environment, for example, the magnitude of temperature and humidity in the use 
room, the elapsed time after opening the ink cartridge, and differences in the use frequency on the user side and an 
unnegligible error is caused between the ink consumption from calculation and the actual consumption. Further, there 

30 is another problem imposed that when the same cartridge is removed once and mounted again, the totalized count is 
reset once, so that the actual residual quantity of ink cannot be seen at all. 

[0005] On the other hand, the method for controlling the point of time of ink consumption by the electrodes can detect 
the actual amount of ink consumption at a certain point, so that It can control the residual quantity of ink with high 
reliability. However, ink should be conductive so as to detect the ink level, accordingly the kind of ink to be used is 

35 limited. Further, a problem arises that the liquid tight structure between the electrodes and the ink cartridge is compli- 
cated. Furthermore, as a material of the electrodes, a noble metal which is conductive and highly corrosion-resistant 
is ordinarily used, so that a problem also arises that the manufacturing cost of an ink cartridge is increased. Furthermore, 
the two electrodes must be mounted respectively at different locations of the ink cartridge, so that a problem also arises 
that many manufacturing steps are required and increasing in the manufacturing cost results. 

40 [0006] Further, as mentioned above, in the method for controlling the point of time of ink consumption by the elec- 
trodes, the holes for mounting the electrodes to the ink cartridge should be formed in the ink cartridge. Therefore, a 
problem also arises that when the cartridge is made of plastics, the injection molding process is complicated. 
[0007] Furthermore, the electrodes have a particular sealing structure so as to keep liquid tightness, so that it is 
difficult to separate them from the ink cartridge. As a result, a problem also arises that it is difficult to exchange or 

45 recycle the electrodes or ink cartridge. 

[0008] In order to solve the aforementioned problems, a piezo-electric device to be mounted to a liquid container 
and a module which can correctly detect the residual quantity of liquid and requires no complicated sealing structure 
are proposed. 

[0009] Therefore, an object of the present invention is to provide a mounting structure for mounting a piezo-electric 
50 device having a function for detecting the consumption condition of a liquid in a liquid container to the liquid container 
and facilitate mounting and demounting the piezo-electric device from the liquid container. 

SUMMARY OF THE INVENTION 

55 [0010] Namely, according to an aspect of the present invention, a mounting structure for mounting a piezo-electric 
device used to detect the consumption condition of a liquid in a liquid container to the liquid container is characterized 
in that it has a receiving portion to which the piezo-electric device is mounted and a mount portion to be mounted to 
the liquid container. It is possible that the receiving portion has an opening and the vibrating portion of the piezo-electric 
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device comes in contact with the liquid in the liquid container via the opening. It is also possible that the receiving 
portion additionally has a mounting plate having an opening and the piezo-electric device is mounted to the receiving 
portion via the mounting plate. The piezo-electric device may be structured so that it has a piezo-electric element 
having a piezo-electric layer held between electrodes and a vibrating plate on one side of which the piezo-electric 

5 element is arranged, and a cavity forming member having a formed cavity is arranged on the other side of the vibrating 
plate, and the vibrating plate can come in contact with the liquid in the liquid container via the cavity. The cavity forming 
member may be a substrate on which the piezo-electric element and vibrating plate are formed integrally. The cavity 
forming member may be a mounting plate to be mounted to the piezo-electric device. It may additionally have a mounting 
plate having an opening and the cavity of the substrate and the opening of the mounting plate may be arranged so as 

10 to be interconnected. The receiving portion may be formed on the top of the mount portion. On the side of the receiving 
portion formed so as to project from the mount portion, the piezo-electric device may be mounted. The piezo-electric 
device may have a piezo-electric element and may have an insulating portion for insulating the piezo-elecrtric element 
from the liquid of the liquid container. The piezo-electric device may additionally have a molding portion for molding 
the mounting part between the receiving portion and the piezo-electric device. The mount portion may have a column 

is fitting into the liquid container. The mount portion may have a substrate integrally formed with the column. The fitting 
part of the mount portion to the liquid container may have a sealing structure. Counter electromotive force may be 
generated by residual vibration remaining in the piezo-electric device. The mounting structure may additionally have 
a circuit board. The receiving portion may be formed so as to be inclined to the liquid surface in the liquid container. 
[0011] Further, according to another aspect of the present invention, a mounting structure for mounting a piezo- 

20 electric device used to detect the consumption condition of a liquid in a liquid container to the liquid container as an 
integral structure is characterized in that the mounting structure has a molding portion for molding the junction between 
the lead wire in contact with the electrode of the piezo-electric device and the liquid container. The mounting structure 
may have a leg for projecting the piezo-electric device into the liquid container. 

[0012] Further, still another aspect of the present invention is characterized in that the mounting structure aforemen- 
25 tioned is arranged in the liquid container. The receiving portion may be arranged so as to be projected into the liquid 
container. Furthermore, the receiving portion may be formed so as to be inclined to the liquid surface inside the liquid 
container. The mounting part between the mount portion and the liquid container may be molded. The mounting struc- 
ture aforementioned may be attached in a removable state. 

[0013] Further, another aspect of the present invention is characterized in that a mounting structure for mounting a 
30 piezo-electric device used to detect the consumption condition of a liquid in a liquid container to the liquid container 
has a pair of conductive members for supplying a drive signal to the piezo-electric device and a resin-molded part 
molded integrally with the pair of conductive members, and the pair of conductive members respectively include distal 
ends electrically connected to the piezo-electric device, proximal ends electrically connected to the circuit board, and 
intermediate parts for connecting the distal ends and proximal ends, and at least a part of the intermediate parts is 
35 embedded in the molded part. 

[0014] It is preferable that the pair of distal ends are arranged on the same plane and the pair of proximal ends are 
arranged on another same plane different from the same plane on which the pair of distal ends are arranged. 
[0015] It is preferable that each of the pair of conductive members is formed by bending elongated members made 
of a conductive material, and the same plane on which the pair of distal ends are arranged and the another same plane 
40 on which the pair of proximal ends are arranged are parallel with each other, and the elongated members positioned 
on the same plane and the elongated members positioned on the another same plane are not overlaid with each other 
in the perpendicular direction to the same plane and the another same plane. 

[0016] It is preferable that when the molded part is to be resin-molded, the pair of distal ends are connected with a 
connection member and the connection member is removed after resin molding. 
45 [0017] It is preferable that, in the connection member, to position the pair of conductive members to the die to be 
used for resin molding of the molded part, a positioning hole through which a part of the die is to be inserted is formed. 
[0018] It is preferable that the positioning hole is formed in a position corresponding to the vibration part of the piezo- 
electric device. 

[0019] It is preferable that, for resin molding of the molded part, a female die and a male die to be fitted to the female 
50 die are used and a part of the pair of conductive members connected with the connection member has a contour 

corresponding to a partial structure of the male die so as to position the pair of conductive members to the male die. 

[0020] It is preferable that at the time of resin molding of the molded part, at least a part of the pair of distal ends is 

held by a pair of dies, thereby at least a part of the pair of distal ends is exposed without being embedded in the resin 

and the exposed part of the pair of distal ends forms an electric contact point. 
55 [0021] It is preferable that a concavity for receiving the piezo-electric device is formed in the molded part and the 

pair of distal ends are arranged on the bottom of the concavity. 

[0022] A still further aspect of the present invention is characterized in that the module has a mounting structure 
aforementioned and the piezo-electric device embedded in the concavity of the mounting structure, and the piezo- 



3 



BNSDOCID: <EP 1155B64A1_!_> 



EP 1 155 864 A1 



electric device has a piezo-electric element having a piezo-electric layer held by a pair of electrodes and a vibrating 
plate on one side of which the piezo-electric element is arranged, and a cavity forming member having a formed cavity 
is arranged on the other side of the vibrating plate, and the liquid in the liquid container comes in contact with the 
vibrating plate via the cavity. 

s [0023] It is preferable that the piezo-electric device has a pair of electrodes electrically connected to the pair of distal 
ends of the mounting structure with a conductive adhesive and the periphery of the piezo-electric device is sealed with 
resin so as to prevent liquid from moving toward the back of the piezo-electric device. 

[0024] A further aspect of the present invention is characterized in that a mounting structure for mounting a piezo- 
electric device used to detect the consumption condition of a liquid in a liquid container to the liquid container has a 
10 base having electrical wires electrically connected to the piezo-electric device and a projection projected from the base 
to which the piezo-electric device is mounted and the electrical wires electrically connected to the piezo-electric device 
are formed three-dimensionally by two-color molding resin plating. 

[0025] It is preferable that a concavity for receiving the piezo-electric device is formed on the end of the projection, 
and on the bottom of the concavity, parts electrically connected to the pair of electrodes of the piezo-electric device 

15 are formed by at least a part of the electrical wires. 

[0026] It is preferable that the projection has a tube member projected from the base and a sealing part for sealing 
the opening at the top of the tube member, and the concavity is formed on the surface of the sealing part, and a through- 
hole passing through the sealing part is formed at the bottom of the concavity, and the electrical wires electrically 
connected to the pair of electrodes of the piezo-electric device are continuously formed from the bottom of the concavity 

20 to the back side of the sealing part via the inner surface of the through-hole. 

[0027] Yet a further aspect of the present invention is characterized in that the module has a piezo-electric device 
used to detect the consumption condition of a liquid in a liquid container, a circuit board electrically connected to the 
piezo-electric device, and a pressed-and-held connector which is pressed and held between the circuit board and the 
piezo-electric device so as to electrically connect the pair of electrodes formed on the circuit board and the pair of 

25 electrodes of the piezo-electric device. 

[0028] It is preferable that the pressed-and-held connector has an insulating elastic member which is held and elas- 
tically compressed between the circuit board and the piezo-electric device and a plurality of conductors extending 
inside the elastic member in the compression direction. 

[0029] It is preferable that the pressed-and-held connector has a pair of conductive rubber members arranged be- 
30 tween the pair of electrodes formed on the circuit board and the pair of electrodes of the piezo-electric device and an 
insulating rubber member for mutually connecting the pair of conductive rubber members. 

[0030] It is preferable that the piezo-electric device is structured so that it has a piezo-electric element having a 
piezo-electric layer held between a pair of electrodes and a vibrating plate on one side of which the piezo-electric 
element is arranged, and a cavity forming member having a formed cavity is arranged on the other side of the vibrating 
35 plate, and the vibrating plate comes in contact with the liquid in the liquid container via the cavity. 

[0031] In any of the above-mentioned embodiments, the piezo-electric device may be supported by a pair of con- 
ductive members which are connected to the piezo-electric device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

[0032] Figs. 1 A, 1B and 1C are drawings showing details of the actuator 106. 
[0033] Fig. 2 is a drawing showing the constitution of the actuator 1 06 and an equivalent circuit. 
[0034] Figs. 3A and 3B are drawings showing the relationship between the ink density and the resonance frequency 
of ink detected by the actuator 106. 
45 [0035] Figs. 4A and 4B are drawings showing the counter electromotive force waveform of the actuator 106. 
[0036] Fig. 5 is a perspective view showing the module 1 00. 

[0037] Fig. 6 is an exploded view showing the constitution of the module 100 shown in Fig. 5. 
[0038] Fig. 7 is a perspective view showing another embodiment of the module. 
[0039] Fig. 8 is an exploded view showing the constitution of the module shown in Fig. 7. 
50 [0040] Figs 9A to 9C show still another embodiment of the module. 

[0041] Fig. 1 0 is a drawing showing an example of the cross section when the module 1 00 shown in Fig. 5 is mounted 
to the ink container 1 . 

[0042] Figs. 1 1 A, 1 1 B and 1 1 C are other embodiments of the module. 

[0043] Fig. 1 2 is a drawing showing an example of the cross section of the opening of the mounting structure shown 
55 in Figs. 11Ato 11C. 

[0044] Figs. 13A, 13B and 13C are drawings showing other embodiments of the through hole 2c. 

[0045] Figs. 1 4A, 1 4B and 1 4C are drawings showing the planes of other embodiments of the through hole 2c. 

[0046] Fig. 1 5 is a drawing showing an ink cartridge having a mounting structure and an ink jet recording apparatus. 
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[0047] Fig. 1 6 is a drawing showing an ink cartridge containing a plurality of kinds of ink 

[0048] Figs. 1 7A, 1 7B and 1 7C are drawings showing other examples of the ink cartridge 1 80 

[0049] Fig. 1 8 is a drawing showing an ink jet recording apparatus suited to the ink cartridge shown in Figs. 1 7A to 

5 I0 °» 01 u F J 9 " 1 9 iS 3 Cr ° SS sectional view of the inl < cartridge 1 80d to which the module 500 shown in Figs. 9A to 9C 
is attcicnsci. 

[0051] Fig. 20 is a cross sectional view of another ink cartridge 1 80e to which the module 500 shown in Figs. 9A to 
yo is attach ed. 9 

w 5?™L R f ' 21 V P ' an ViGW Sh ° Wi " 9 8 P ' ate memb6r f ° r manufa ^uring a mounting structure of an embodiment of 
tv me preseni invention. 

£«f V, ? 9 " 22 iS 3 P ers P ective view showing the state that the plate member shown in Fig. 21 is bent 
Kn« ? S of A " and 23C enlar9ed Vi6WS Sh0Win9 the P air of bent elongated member shown in Fig. 22 
iiZfit h 9 " V 8 Pf™* 90 *? view showin 9 the that a molded part is integrally formed with the pair of bent 
elongated members shown in Fig. 22 by insertion molding. 

15 61 t T 9 ' 25 J S 3 T SS SeCti ° nal ViSW Sh ° Wing the State that 3 molded P art is inte 9 ral| y ^med with the pair of bent 

elongated members shown in Fig. 22 by insertion molding and shows the state before a male die and a female die are 
til into each other. 

[0057] Fig. 26 is a cross sectional view showing the state that a molded part is integrally formed with the pair of bent 
ftt3e e ath 1 otti , er erS " ^ inSerti ° n m °' dinS ^ Sh ° WS th6 State after a male die and a fema,e die are 

part 5 snow F n1n FrtfF* ^ ^ drawingS Sh ° wing the cons titution of a female die used for processing the molded 

part 5 ! how F n^nFig A 24 8 B *"* ^ ^ draWin9S Sh ° Win9 C ° nStitUti ° n 0f a ma,e die used for Pressing the molded 

25 cutting parts sh 9 own a in P Fi^ P 21 tiVe Sh ° Wing 3h inte 9 rated molded P roduct that the branch parts are cut off at the 

I!,? o 1 fL fh 9S ' l 0A ' 30B ' 3 °f and 30 ° arS draWingS Sh0Wing an inte grated molded product that the branch parts are 
cut off at the cutting parts shown in Fig. 21 . 

LmhnLo 9 / Vi* 8 persp f ctive view showin 9 *• sit " a tion that an actuator is attached to a mounting structure of an 
embodiment of the present invention. 

STL,? 9 ; 32 "! \ ^ TSp&Alve view showin 9 a mod "' a structured by attaching an actuator to a mounting structure 
ot an embodiment of the present invention and molding it with resin. 

[0064] Figs. 33A, 33B, 33C and 33D are drawings showing the constitution of an actuator of an embodiment of the 
present invention. 

35 [0065] Figs. 34A, 34B and 34C are drawings showing the constitution of a mounting structure of an embodiment of 
the present invention. 

mnf t 1 ^ 9 ' 35 fe 30 exploded Pe^Pective view of a module of an embodiment of the present invention 

[0067] F.gs. 36A and 36B are drawings showing an example of a pressed-and-held connector of the module shown 

in rig. 35. 

40 [0068] Figs. 37A and 37B are drawing showing another example of a pressed-and-held connector of the module 
snown in Fig. 35. 

[0069] Figs. 38A and 38B are drawings showing still another example of a pressed-and-held connector of the module 
shown in Fig. 35. 

45 Sown in Pfe ™* "* Sh ° W>n9 3 6Xample of a P^ssed-and-held connector of the module 

• c 9S o 4 c° A and 405 arS drawir, 9 s showir, 9 a still further example of a pressed-and-held connector of the module 
snown in rig. 35. 
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DESCRIPTI ON OF THE PREFERRED EMBODIMENTS 

[0072] The present invention will be explained hereunder with reference to the embodiments of the present invention 
However, the present invention recited in the claims is not limited to the embodiments described below and the corn- 
inventions characteristics explained in the embodiments are not always necessary to the solving means of the 

L?f Jtril hL" the f embodiments : the present invention is applied to the art of a mounting structure for mounting a piezo- 
electnc device for detecting the consumption condition of ink in an ink cartridge to the ink cartridge 
[0074] The embodiments of the present invention will be explained concretely hereunder by referring to the accom- 
panying drawings. In the drawings, firstly, the basic art of a piezo-electric device for detecting the consumption condition 
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of ink will be explained (Figs. 1 A to 4B). Then, in Fig. 5 and the subsequent drawings, a mounting structure for mounting 
the piezo-electric device to an ink cartridge, its exploded view, variations of the mounting structure, and application 
examples to the ink cartridge will be explained. 

[0075] In the embodiments, an "actuator" is indicated as an example of the piezo-electric device. However, the con- 
figuration of the piezo-electric device is not limited to an actuator and it may be an "elastic wave generation means" 
or a "piezo-electric element". The components of the piezo-electric device are not limited to the embodiments. As a 
configuration for realizing the mounting structure, terms of "module" and "module structure" are used. 
[0076] Figs. 1 A to 2 show details and an equivalent circuit of an actuator 1 06 which is an embodiment of the piezo- 
electric device. The actuator aforementioned is used to a method for detecting at least changes in the acoustic imped- 
ance and detecting the consumption condition of a liquid in a liquid container. Particularly, the actuator is used to a 
method for detecting the resonance frequency by the residual vibration, thereby detecting at least changes in the 
acoustic impedance, and detecting the consumption condition of a liquid in a liquid container. Fig. 1 A is an enlarged 
plan view of the actuator 1 06. Fig. 1 B is a cross sectional view of B-B of the actuator 1 06. Fig. 1 C is a cross sectional 
view of C-C of the actuator 1 06. Furthermore, Fig. 2, (A) and (B) show equivalent circuits of the actuator 1 06. Fig. 2, 
(C) and (D) respectively show the periphery including the actuator 1 06 and its equivalent circuit when an ink cartridge 
is full of ink and Fig. 2, (E) and (F) respectively show the periphery including the actuator 106 and its equivalent circuit 
when the ink cartridge contains no ink. 

[0077] The actuator 1 06 has a substrate 178 having a circular opening 1 61 almost at its center, a vibrating plate 176 
arranged on one side (hereinafter referred to as the surface) of the substrate 178 so as to cover the opening 161 , a 
piezo-electric layer 160 arranged on the surface side of the vibrating plate 176, an upper electrode 164 and a lower 
electrode 1 66 holding the piezo-electric layer 1 69 on both sides, an upper electrode terminal 1 68 electrically connecting 
with the upper electrode 1 64, a lower electrode terminal 1 70 electrically connecting with the lower electrode 1 66, and 
an auxiliary electrode 1 72 which is arranged between the upper electrode 1 64 and the upper electrode terminal 1 68 
and electrically connects the two. The piezo-electric layer 1 60, the upper electrode 1 64, and the lower electrode 166 
25 have a circular part as an essential section respectively. The respective circular parts of the piezo-electric layer 1 60, 
the upper electrode 1 64, and the lower electrode 1 66 form a piezo-electric element. 

[0078] The vibrating plate 1 76 is formed on the surface of the substrate 1 78 so as to cover the opening 1 61 . A cavity 
162 is formed by the part of the vibrating plate 176 facing on the opening 161 and the opening 161 in the substrate 
178 The surface (hereinafter referred to as the back) of the substrate 178 on the opposite side of the piezo-electric 
30 element faces on the liquid container side and the cavity 1 62 is structured so as to come in contact with a liquid. The 
vibrating plate 176 is attached to the substrate 178 liquid-tightly so as to prevent a liquid leak on the surface side of 
the substrate 178 even if a liquid enters inside the cavity 162. 

[0079] The lower electrode 1 66 is positioned on the surface of the vibrating plate 1 76, that is, on the surface on the 
opposite side of the liquid container and attached so that the center of the circular part which is a main part of the lower 
35 electrode 1 66 and the center of the opening 1 61 almost coincide with each other. The area of the circular part of the 
lower electrode 1 66 is set so as to be smaller than the area of the opening 1 61 . on the other hand, on the surface side 
of the lower electrode 1 66, the piezo-electric layer 1 60 is formed so that the center of the circular part thereof and the 
center of the opening 161 almost coincide with each other. The area of the circular part of the piezo-electric layer 160 
is set so as to be smaller than the area of the opening 1 61 and larger than the area of the circular part of the lower 

40 electrode 166. . 

[0080] On the other hand, on the surface side of the piezo-electric layer 1 60, the upper electrode 1 64 is formed so 
that the center of the circular part which is a main part thereof and the center of the opening 1 61 almost coincide with 
each other The area of the circular part of the upper electrode 164 is set so as to be smaller than the areas of the 
opening 161 and of the circular part of the piezo-electric layer 1 60 and larger than the area of the circular part of the 

45 lower electrode 166. 

[0081] Therefore, the main part of the piezo-electric layer 160 is structured so as to be held respectively from the 
surface side and back side by the main part of the upper electrode 164 and the main part of the lower electrode 166, 
so that the piezo-electric layer 1 60 can be effectively deformed and driven. The circular parts of the piezo-electric layer 
160 the upper electrode 164, and the lower electrode 166 which are the respective main parts form a piezo-electric 

so element of the actuator 1 06. As mentioned above, the piezo-electric element is in contact with the vibrating plate 1 76. 
Among the circular part of the upper electrode 1 64, the circular part of the piezo-electric layer 1 60, the circular part of 
the lower electrode 1 66, and the opening 1 61 , the area of the opening 1 61 is the largest. By use of such a structure, 
the vibration area of the vibrating plate 1 76 which vibrates actually is defined by the opening 1 61 . The circular part of 
the upper electrode 1 64, the circular part of the piezo-electric layer 1 60, and the circular part of the lower electrode 

55 166 are smaller in the area than the opening 161, so that the vibrating plate 176 vibrates more easily. Furthermore, 
among the circular part of the lower electrode 1 66 and the circular part of the upper electrode 1 64 which are electrically 
connected to the piezo-electric layer 1 60, the circular part of the lower electrode 1 66 is smaller. Therefore, the circular 
part of the lower electrode 1 66 defines the part of the piezo-electric layer 160 which generates a piezo-electric effect. 
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[0082] The upper electrode terminal 1 68 is formed on the surface side of the vibrating plate 1 76 so as to be electricallv 

^is^d o 6 n r e T Ctr0d rt e 16 f 4 h Via aUXilia,V eleCtr ° de 172 ' °" thS ° ther hand > the "ectrodfteS 
«« tLT . 06 S ' de ° f the Vibrating P ' ate 176 so as t0 be Electrically connected to the lower electrode 

166. The upper electrode 164 is formed on the surface side of the piezo-electric layer 160 so that in the mSd e of 
connect-on to the upper electrode termina, 168, the upper electrode 164 must have a'eve. di^J^E!£ 
of the thickness of the piezo-electric layer 160 and the thickness of the lower electrode 166. It is difficult that Sy the 
upper electrode 1 64 forms this level difference, and even if it can do, the connection condition betwee le upper 

a " ^e ecto a d n e 172 ^ T^' 168 beC ° meS WMk ' and there iS a risk ° f *™1^Z 
auxiliary electrode 1 72 is used as an auxiliary member and the upper electrode 1 64 and the upper electrode terminal 

L tte r D rr d h By tH oin9 ais .° the *™*«* ^ 1 e ° «- *° *. u PPe r ^r^s^z^ 

as to be supported by the auxiliary electrode 1 72 and desired mechanical strength can be obtained and furthermore 
the upper electrode 164 and the upper electrode terminal 168 can be connected surely. 'urtnermore, 
[0083] The piezo-electric element and the vibration area of the vibrating plate 1 76 facing the piezo-electric element 
acCoMof " P T °" he aCtUat0r that vibrate act -»V- further, it is preferable that th'e memberstctdedTthe 
actuator 1 06 are calcmed and formed integrally mutually. When the actuator 106 is formed integrally it can be handled 
eas,ly. Furthermore, when the strength of the substrate 1 78 is increased, the vibration characteristic I improved Name 
ly when he strength of the substrate 1 78 is increased, only the vibration part of the actuator 1 06 vibrates andL pa^ 

1 t TV 6 "'I' thaP thS Vibrati ° n P3rt d ° n0t Vibrate Further ' P reventi "9 tne of the actuator 1 06 othlr 
than the v>brat,on par. from vibration can be realized by increasing the strength of the substrate 178 and inverset 
making the p.ezo-e.ectr c element of the actuator 1 06 thinner and smaller and making the vibrating plate 1 76 Zn^ 
[0084] As a matenal of the piezo-electric layer 1 60, it is preferable to use lead zirconate titanate (PZT) lead lanthanum 

orZ^T ate ^ PLZT) ' " f leadl6SS P iezo - electric film «•"» no >«« and as a materia, of the^ubsfrate m Tl 
Preferable to use ,z,rcon.a or alumina. It is preferable to use the same material for the vibrating plate 176 as the ma eial 
of the substrate 1 78. For the upper electrode 1 64, the lower electrode 1 66, the upper electrode terminaM 68 and the 

s^ssrss used 3 conductive materiai ' for exampie - a metai - as — -pp- p-~ 

S?r? M n T K 6 aCtuat t ° r J t 06 struc tured as mentioned above can be applied to a container containing a liquid. For exam- 
ple .t can be mounted to an ,nk cartridge or ink tank to be used for an ink jet recording apparatus or a container for 
containing a cleaning liquid for cleaning a recording head container ror 

30 fJetaL^fip 8 ^ 810 ' 1 06 Sh ,T in . R9S 1 A t0 2 iS m ° Unted at a P redete ™n* d location of the liquid container so that 
n^he Sil tnnt T 0nteCt T 3 " qUid C ° mained in th6 ' iqUid COntainer When a *l* * Gently contained 
heTouid T 0 nrTJ ner ' ^ 1 6 f f d thS ° UtSide ther60f are fu " of ■**»■ ° n the °ther hand, when the liquid of 

he liquid container is consumed and the liquid level lowers below the actuator mounting location a condition that no 
..quid exists ,n the cavity 162 era liquid remains only in the cavity 162 and air exists outside thereo. ^genera"ea The 
actuator 06 detects at leas, a difference in the acoustic impedance caused by this change in the condition ^ eriy 
the actuator 1 06 can detect whether a liquid is sufficiently contained in the liquid container or a fixed aluntofCd 

r°008?; e ' NeTr FU ? e T: 0r V! ie T Uat ° r 1 06 ^ ^ afe ° the kind ° f liqUid COntained in the '^uid container. 
[0087] Next, the pnnciple of liquid level detection by the actuator will be explained 

ESStirU I 61601 ? a " 9eS a !° UStiC impedance of a medium > the impedance characteristic or admittance char- 
ac e st o LZ 2T* T eaSUred ' At the time ° f measurcm ^t <>' the impedance characterise or admittance cha - 
actensfc, for example, the transmission circuit can be used. The transmission circuit impresses a fixed voltage to the 

^Z' ^^f 8 ! r f q " enCy ' meaSUr6S thS CUfrent fl0Win 9 throu 9 h the medium - Or, the transmission circuit 
Sl 5 8 'f CUrTen ! t0 th f med ' Um ' ChangeS th6 fre " uenc y- and measures the voltage impressed to the medium 
Changes ,n the current or voltage measured by the transmission circuit indicate changes in the acoustic impedance 

Z!^^^"** ^ 31 Whfeh CUrr6nt ° r VO,ta9S 18 maXimi26d ° r minimi2ed als ° indicate * changes in the 
[0089] Separately from the method aforementioned, the actuator can detect changes in the acoustic impedance of 
HoS a tT? T* ° n,y ^ ^ rSS ° nanCe freqUe " Cy AS 3 meth0d USing Changes in the a — «c impTdanoe of a 
and then measunng counter electromotive force caused by the residual vibration remaining in the vibration part for 
example, the piezo-electric etement can be used. The piezo-electric element is an element for generSng coun e 
electromotive force by the residual vibration remaining in the vibration part of the actuator and the magnrtude oH *e 

ofThe vib^ 0 nn a Tf I 0 " 6 1 3 ? 8 ^ 3mPlitUde ° f the Vibrati ° n Part ° f the actuator - Theref ™. - 

o H SSEIK r f " ,nCreaSeS ' det6Cti ° n beC ° mCS easier - Further ' the chan 9 i "9 ^ ^ magnitude 
of the counter electromotive force varies with the frequency of the residual vibration remaining in the vibration part of 
the actuator. Therefore, the frequency of the vibration part of the actuator corresponds to the frequency ofThe coume 
electromotive force. Here, the resonance frequency is referred to as a frequency in a resonance starbetweenThe 
vibration part of the actuator and a medium in contact with the vibration part. Between the 
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[0090] To obtain the resonance frequency fs, the waveform obtained by measurement of the counter electromotive 
force when the vibration part and medium are in a resonance state is subjected to the Fourier transformation. The 
vibration of the actuator is accompanied by various deformations such as deflection and extension instead of defor- 
mation only in one direction and has various frequencies including the resonance frequency fs. Therefore, the waveform 
of the counter electromotive force when the piezo-electric element and medium are in a resonance state is subjected 
to the Fourier transformation and the most dominant frequency component is identified, thereby the resonance fre- 
quency fs is judged. • „»i 
[0091 1 The frequency fm is a frequency when the admittance characteristic of a medium is maximum or the imped- 
ance characteristic thereof is minimum. When the resonance frequency fs is used, the frequency fm may cause asl.ght 
error for the resonance frequency fs due to a dielectric loss of a medium or a mechanical loss thereof. However, it 
requires a great deal of time to derive the resonance frequency fs from the frequency fm to be measured, so that the 
frequency fm is generally used instead of the resonance frequency. Then, when the output of the actuator 1 06 is input 
to the transmission circuit, the actuator 1 06 can detect at least the acoustic impedance. 

[0092] The experiment proves that there is little difference in the resonance frequency identified by the method for 
measuring the impedance characteristic of a medium or admittance characteristic thereof and measuring the frequency 
f m and the method for measuring the resonance frequency fs by measuring the counter electromagnetic force caused 

by the residual vibration in the vibration part of the actuator. 

[0093] The vibration area of the actuator 1 06 is the part of the vibrating plate 1 76 constituting the cavity 1 62 defined 
by the opening 161 When a liquid is sufficiently contained in the liquid container, the cavity 162 is full of liquid and the 
vibration area is in contact with the liquid in the liquid container. On the other hand, when no liquid is sufficiently 
contained in the liquid container, the vibration area is in contact with a liquid remaining in the cavity in the liquid container 
or in contact with gas or a vacuum instead of a liquid. 

[0094] The actuator 1 06 of the present invention is provided with the cavity 162, so that a liquid in the liquid container 
remains in the vibration area of the actuator 106. The reason thereof is indicated below. 

[0095] Depending on the mounting position or mounting angle of the actuator to the liquid container, a liquid may be 
adhered to the vibration area of the actuator, though the liquid level in the liquid container is lower than the mounting 
position of the actuator. When the actuator detects existence of a liquid only by existence of a liquid in the vibration 
area a liquid adhered to the vibration area of the actuator disturbs precise detection of existence of a liquid. 
[0096] For example, when the liquid level is lower than the mounting position of the actuator, if the liquid container 
rocks due to the reciprocating motion of the carriage, and the liquid waves, and a liquid is adhered to the vibration 
area the actuator misjudges that a liquid is sufficiently contained in the liquid container. Therefore, when a cavity 
designed so as to precisely detect existence of a liquid even if a liquid remains there inversely is positively installed, 
the actuator can be prevented from malfunctions even if the liquid container rocks and the liquid level waves. When 
an actuator having a cavity is used like this, malfunctions can be prevented. 

[0097] Further as shown in Fig. 2, (E), a case that there is no liquid in the liquid container and a liquid in the liquid 
container remains in the cavity 1 62 of the actuator 106 is set as a threshold value of existence of a liquid. Namely, 
when there is no liquid around the cavity 1 62 and the liquid in the cavity is smaller than the threshold value, the actuator 
judges that there is no ink and when there is a liquid around the cavity 162 and the liquid in the cavity is larger than 
the threshold value, the actuator judges that there is ink. For example, when the actuator 1 06 is mounted on the side 
wall of the liquid container, if the liquid in the liquid container is positioned lower than the mounting position of the 
actuator the actuator judges that there is no ink and if the liquid in the liquid container is positioned higher than the 
mounting position of the actuator, the actuator judges that there is ink. When the threshold value is set like this, even 
when the ink in the cavity is dried and exhausted, the actuator judges that there is no ink and even if ink is adhered to 
the cavity again due to rocking of the carriage though the ink in the cavity is exhausted, the amount does not exceed 
the threshold value, so that the actuator can judge that there is no ink. 

[0098] Next the operation and principle for detecting the liquid condition in the liquid container from the resonance 
frequency between a medium and the vibration part of the actuator 1 06 by measurement of the counter electromotive 
force will be explained by referring to Figs. 1 A to 2. In the actuator 1 06, a voltage is impressed to the upper electrode 
164 and the lower electrode 166 respectively via the upper electrode terminal 168 and the lower electrode terminal 
170 An electric field is generated in the part of the piezo-electric layer 160 held by the upper electrode 164 and the 
lower electrode 166. The piezo-electric layer 160 is deformed by this electric field. When the piezo-electric layer 160 
is deformed, the vibration area of the vibrating plate 176 is bent and vibrates. For a little while after the piezo-electric 
layer 1 60 is deformed, the bending vibration remains in the vibration part of the actuator 106. 

[0099] The residual vibration is free vibration of the vibration part of the actuator 1 06 and the medium. Therefore, 
when the voltage to be impressed to the piezo-electric layer 1 60 is set to a pulse waveform or a square waveform, the 
resonance state can be easily obtained between the vibration part and the medium after voltage impression. The 
residual vibration vibrates the vibration part of the actuator 106, so that it also deforms the piezo-electric layer 1 60. 
Therefore the piezo-electric layer 160 generates counter electromotive force. The counter electromotive force is de- 
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tected ^ia the upper electrode 164, the lower electrode 166, the upper electrode terminal 1 68. and the lower electrode 
terminal 1 70. The resonance frequency can be identified by the counter electromotive force detected, so that the liquid 
state in the liquid container can be detected. 

[01 00] Generally, the resonance frequency fs is expressed by the following formula: 

fs=1/(2**(M*Cact) 1/2 ) Formula 1 

[0101] in this case, M indicates the sum of inertance Mact of the vibration part and additional inertance M' and Cact 
indicates compliance of the vibration part. 

L 010 ? ,^ 9 ' i°,l 8 . 8 ° r0SS SectionaI view of the actuator 106 °» this embodiment when no ink remains in the cavity 
Fig. 2, (A) and (B) show equivalent circuits of the vibration part of the actuator 106 and the cavity 162 when no ink 
remains in the cavity. ' 

l V^. 31 J*? iS 8 Va ' Ue obtained bv dividin 9 the product of the thickness and density of the vibration part by the area 
of the vibration part and more in detail, it is expressed by the following formula as shown in Fig. 2, (A). 

Mact = Mpzt + Melectrodel + Melectrode2 + Mvib Formula 2 

[01 04] In this case, Mpzt is a value obtained by dividing the product of the thickness and density of the piezo-electric 
ayer 160 in the v.bration part by the area of the piezo-electric layer 160. Melectrodel is a value obtained by dividing 
the product of the thickness and density of the upper electrode 164 in the vibration part by the area of the upper 
electrode 164. Melectrode2 is a value obtained by dividing the product of thethickness and density of the lower electrode 
1 66 in the vibration part by the area of the lower electrode 1 66. Mvib is a value obtained by dividing the product of the 
thickness and density of the vibrating plate 1 76 in the vibration part by the area of the vibration area of the vibrating 
plate 1 76^However, since Mact can be calculated from the thickness, density, and area of the whole vibration part it 
is preferable in this embodiment that although the areas of the piezo-electric layer 1 60, the upper electrode 1 64 the 
ower electrode 166, and the vibration area of the vibrating plate 176 have the magnitude relations aforementioned 
the mutual drfferences between the areas are minute. According to this embodiment, in the piezo-electric layer 160 
the upper electrode 1 64, and the lower electrode 1 66, it is preferable that the parts other than the circular parts which 
are the main parts thereof are so minute as to be ignored for the main parts. 

[0105] Therefore, in the actuator 106, Mact is the sum of inertance of each of the upper electrode 164 the lower 
electrode 1 66 the piezo-electric layer 1 60, and the vibration area of the vibrating plate 1 76. The compliance Cact is 
comphance of the part formed by the upper electrode 1 64, the lower electrode 1 66, the piezo-electric layer 1 60 and 
the vibration area of the vibrating plate 1 76. y ' 

[ ^° 61 ^ P 9 : 2 ' (A) ' (B) ' (D)l 3nd (F) indicate equivalent circuits of the vibration part of the actuator 106 and the cavity 
162 and in the equivalent circuits, Cact indicates the compliance of the vibration part of the actuator 106 Cpzt Celec- 
trodel, Celectrode2, and Cvib respectively indicate compliance of the vibration part of the piezo-electric layer 160 the 
upper electrode 1 64, the lower electrode 1 66, and the vibrating plate 1 76. Cact is expressed by Formula 3 indicated 
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1/Cact = (1/Cpzt) + (1/Celectrode1) + (1/Celectrode2) + (1/Cvib) Formula 3 

[0107] By Formulas 2 and 3, Fig. 2, (A) can be indicated as Fig. 2, (B). 

[01 08] The compliance Cact indicates a volume for receiving a medium by deformation when pressure is applied to 
a unit area of the vibration part. The compliance Cact may be said to indicate defoimation easiness 
[0109] Fig. 2, (C) indicates a cross sectional view of the actuator 1 06 when a liquid is sufficiently contained in the 
liquid container and the periphery of the vibration part of the actuator 1 06 is full of liquid. M' max shown in Fiq 2 (C) 
indicates a maximum value of the additional inertance when a liquid is sufficiently contained in the liquid container and 
the periphery of the vibration part of the actuator 106 is full of liquid. M' max is indicated as follows: 

M' max = (* p /(2*k 3 ))*(2*(2*k*a) 3 /(3* ))/( *a 2 ) 2 Formula 4 

, w indicates a radius of the vibration part, p density of the medium, and k a wave-number. Formula 4 is 

held when the vibration area of the actuator 1 06 is a circle with a diameter of a. The additional inertance M' is a value 
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indicating that the mass of the vibration part is apparently increased by the action of a medium existing in the neigh- 
borhood of the vibration part. Formula 4 shows that M' max greatly varies with the radius a of the vibration part and 
the density p. 

[0110] The wave-number k is expressed by the following: 

k = 2* *fact/c Formula 5, 

where fact indicates a resonance frequency of the vibration part when it is not in contact with an liquid and c indicates 
an acoustic speed propagating through the medium. 

[0111] Fig. 2, (D) shows an equivalent circuit of the vibration part of the actuator 106 and the cavity 162 shown in 
Fig. 2, (C) when a liquid is sufficiently contained in the liquid container and the periphery of the vibration part of the 
actuator 106 is full of liquid. 

[0112] Fig. 2, (E) indicates a cross sectional view of the actuator 106 when the liquid in the liquid container is con- 
sumed and there is no liquid remaining around the vibration part of the actuator 106, though a liquid remains in the 
cavity 162 of the actuator 106. Formula 4 is a formula indicating maximum inertance IvV max decided from the ink 
density p for example, when the liquid container is full of liquid. On the other hand, when the liquid in the liquid container 
is consumed, and a liquid remains in the cavity 162, and the liquid around the vibration area of the actuator 106 is 
changed to air or a vacuum, it can be indicated as follows: 

M' =p*t/S Formula 6, 

where t indicates a thickness of a medium relating to vibration and S indicates an area of the vibration area of the 
actuator 106. When the vibration area is a circle with a radius of a, S = *a 2 . Therefore, the additional inertance IvV 
follows Formula 4 when a liquid is sufficiently contained in the liquid container and the periphery of the vibration part 
of the actuator 106 is full of liquid. On the other hand, when the liquid is consumed, and a liquid remains in the cavity 
1 62, and the liquid around the vibration area of the actuator 1 06 is changed to air or a vacuum, the additional inertance 
M' follows Formula 6. 

30 [0113] Here, as shown in Fig. 2, (E), the additional inertance IvT when the liquid in the liquid container is consumed 
and there is no liquid remaining around the vibration part of the actuator 1 06, though a liquid remains in the cavity 1 62 
of the actuator 106 is indicated by IvV cav for convenience so as to distinguish it from the additional inertance M' max 
when the periphery of the vibration part of the actuator106 is full of liquid. 

[0114] Fig. 2, (F) shows an equivalent circuit of the Vibration part of the actuator 106 and the cavity 162 shown in 
35 Fig. 2, (E) when the liquid in the liquid container is consumed and there is no liquid remaining around the vibration part 
of the actuator 106, though a liquid remains in the cavity 162 of the actuator 106. 

[01 15] In this case, the parameters concern ing the medium condition are the medium density p and medium thickness 
t in Formula 6. When a liquid is sufficiently contained in the liquid container, the liquid is in contact with the vibration 
part of the actuator 106 and when a liquid is not sufficiently contained in the liquid container, a liquid remains in the 

40 cavity or gas or a vacuum is in contact with the vibration part of the actuator 1 06. When the liquid around the actuator 
106 is consumed and the additional inertance in the process of moving from IvV max shown in Fig. 2, (C) to IvV cav 
shown in Fig. 2. (E) is assumed as IvV var, the medium thickness t is: changed depending on the liquid containing 
condition in the liquid container, so that the additional inertance M' var is changed and the resonance frequency fs is 
also changed. Therefore, by identifying the resonance frequency fs, the existence of liquid in the liquid container can 

45 be detected. In this case, when t=d is set as shown in Fig. 2, (E) and IvV cav is expressed using Formula 6, by substituting 
the depth d of the cavity fort given in Formula 6, the following is obtained. 

IvV cav =p*d/S Formula 7. 

50 

[0116] A medium which is a liquid different in the kind is different in the density p depending on the difference in the 
composition, so that the additional inertance M' is changed andthe resonance frequency fs is also changed. Therefore, 
by identifying the resonance frequency fs, the kind of liquid can be detected. 

[0117] Fig 3A shows graphs indicating the relationship between the ink amount, ink, and resonance frequency fs of 
55 a vibration part in an ink tank. Here, ink will be explained as an example of a liquid. The ordinate axis indicates the 
resonance frequency fs and the transverse axis indicates an ink amount When the ink composition is fixed, as the 
residual amount of ink reduces, the resonance frequency fs increases, 

[01 18] When ink is sufficiently contained in the ink container and the periphery of the vibration area of the actuator 
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1 06 is full of ink, the maximum additional inertance M' max is the value expressed by Formula 4 On the other hand 

wsl ot'funT^r 6 ^^ 3 '| qUid remainS " the ° aVity 1 62 ' and the ° f < he *■*-*»■ area of th actua tor 

t r Tn £>™ 2 T' tH 6 ^ J 0 " 3 ' 'T. anCe M ' iS Ca ' CUlated fr ° m F ° rmUla 6 0n the basis * the medium thickness 
L J <2 J ! thickness of the medium relating to vibration, so that when the thickness d (Fig 1B) of the 

cavhy 62 of the actuator 1 78 is reduced, that is, the substrate 1 78 is made sufficient thin, the process that ink is 
gradually consumed can be detected (Fig. 2, (C)>. Here, t ink is assumed as an ink thickness relating !o vibration and 
t nk-max ,s assumed as t ink in M' max. For example, the actuator 106 is arranged on the bottom of the ink cartridoe 
aimosl t horizontally with the ink level. When the ink is consumed and the ink level reaches the hefch t nk ma^or ess 

Z J fl aCtUa i° r 1 ° 6 p M ' Var is ^ ««rdlng * Formula 6 and the resonance frequency STs s ow" 

changed according to Formula 1 . Therefore, as long as the ink level is within the range of t, the actuator 1 0B can detect 
slowly the ink consumption condition. i uo can aeiew 

eT^n^T the H Vibrat '°" area ° f the actuator 1 06 is made larger or longer and arranged lengthways, S in Formula 
6 is changed according to the position of ink level due to ink consumption. Therefore, the actuator 1 06 can detect also 
the process of slow consumption of ink. For example, the actuator 1 06 is arranged on the side wall of the ink cartridge 
almost Perpendicularly to the ink level. When the ink is consumed and the ink level reaches the vibration area ZuZ 
actuator 106, the additional inertance M' reduces as the ink .eve, lowe re , so that the resonance freq encj fs slowly 

^ZTT^l UlS> 1 • Th6ref0re ' S ° IOn9 38 thS ink ,eVel is Within the ran 9 e ° f the diameter L (Fig 2 
(C)) of the cavity 1 62, the actuator 1 06 can slowly detect the ink consumption condition 

S 1 r?t°h. ™ e t CUrVe * Sh ° Wn RS - 3A Sh ° WS the relationshi P ^tween the ink amount, ink, and resonance frequency 

reduril ^nri th 7 h " ^ °* ^ ^ SitUation that the ink amount * ink tank slow* 

m?£T T T a ? d resonance ^quency fs of the vibration part change slowly can be understood 

E JtlK i • T 8 T SB that thS Pr0CeSS ° f S,0W consum Pti°n of ink can be detected is a case that a liquid and 
a gas different ,n density from each other coexist around the vibration area of the actuator 106 and are re.a ed to 

TfnZ ' S C °K n f Sl0W ' y ' With th6 media re ' ating l ° Vibration around the vibration are * of the actuator 106 

he quid reduces, while the gas increases. For example, when the actuator 106 is arranged horizontally with the ink 
level and t ,nk is smaller than t ink-max, the media relating to vibration of the actuator 106 include both ink ant gas 

aSSUm ' n9 IVT 01 Vibrati ° n ° f the aCtUat ° r 106 88 S ' when the condition less than M' maffn 
Formula 4 is expressed by the additional masses of ink and gas, the following formula is obtained. 

M' = IvT air + M' ink = p air*t air/S + pink*t ink/S Formula 8, 

inrii JL^^' air .; nd i cates ' nertance of air and w ink ^'cates inertance of ink. pair indicates air density and pink 
ndicates ,nk density^ air indicates the thickness of air relating to vibration and t ink indicates the thickness of ink 
relating to vibration. Among the media relating to vibration around the vibration area of the actuator 1 06 as the liquid 

Indent T e T S J hSn aCtUat ° r 1 06 iS arran9ed almOSt hori2 °"tally with the ink level, t air increases 

and t .nk decreases. Thereby, M' var reduces slowly and the resonance frequency increases slowly. Therefore the ink 
amount remaining ,n the ink tank or the ink consumption amount can be detected. The reason that Formula 7 is a 

su^Mrt ^ 18 that 8 0356 that dSnSity iS S ° Sma " 38 10 be ignored for the liquid density is 

[0122] When the actuator 1 06 is arranged almost perpendicularly to the ink level, among the vibration area of the 
actuator 106^ an equivalent circuit (not shown in the drawing) parallel with the region where the medium relating to 
vibration of the actuator 106 is onfy ink and the region where the medium relating to vibration of the actuator 106 Is 
Til ITu H t AsSUmi " 9 u the area of the region where the medium relating to vibration of the actuator 1 06 is only 
nk as S ink and the area of the region where the medium relating to vibration of the actuator 1 06 is only gas as S air 
the following formula is obtained. 



1/lvT = 1/M' air + 1/M' ink = S air/(pair*t air) + S ink/(p ink*t ink) Formula 9 

[0123] Formula 9 is applied when no ink is held in the cavity of the actuator 1 06. When ink is held in the cavity of the 
actuator 1 06, Formulas 7, 8, and 9 are used for calculation. y 

L°hfn L TH f V l brati ° n ° f ! CtUat ° r iS chanaed fr° m the depth oft ink-max to the depth of remaining of ink. Therefore 
when the actuator is arranged on the bottom so thatthe ink residual depth is slightly smaller than t ink max the process 
hat .nk slowly reduces cannot be detected. From vibration changes of the actuator in slight changes in the Ink amount 

rJdf^ 0 ^ idUa ' * iS det6Cted th8t thS ink am0Unt iS Chanaed - When the acLtorl arlged on 

the side and the diameter of the opening (cavity) is small, the vibration change of the actuator passing through the 
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opening is very little, so that it is difficult to detect the ink amount in the passing process. For example, the curve Y 
shown in Fig 3A shows the relationship between the ink amount, ink, and resonance frequency fs of the vibration part 
in the ink tank in a small circular vibration area. The situation that the ink and resonance frequency fs of the vibration 
part change strongly between the ink amounts Q before and after the ink level in the ink tank passes the mounting 
position of the actuator is indicated. From this, whether a predetermined amount of ink remains in the ink tank can be 
detected 

mi 251 Fig 3B shows the relationship between the ink density, ink, and resonance frequency fs of the vibration part 
in the curve Y shown in Fig. 3A. As shown in Fig. 3B, as the ink density increases, the additional inertance increases, 
so that the resonance frequency fs reduces. Namely, the resonance frequency fs varies with the ink kind. Therefore, 
when the resonance frequency fs is measured, at the time of recharging of ink, whether ink hav.ng different density is 
mixed in can be ascertained. Namely, an ink tank for containing a different kind of ink can be discnminated. 
[0126] Next the condition for precisely detecting the liquid condition when the size and form of the cavity are set so 
that a liquid remains in the cavity 162 of the actuator 106 even when the liquid container contains no liquid will be 
described in detail. If the actuator 106 can detect the liquid condition when the cavity 162 is full of liquid, it can detect 
the liquid condition even when the cavity 1 62 is not full of liquid. 

[0127] The resonance frequency fs is a function of inertance M. The inertance M is the sum of inertance Mart of the 
vibration part and the additional inertance M\ The inertance M' is related to the liquid condition. The inertance M is a 
quantity showing that the mass of the vibration part is apparently increased by the action of a medium ex.st.ng in the 
neighborhood of the vibration part. Namely, it means an increase in the mass of the vibration part by apparently ab- 
sorbing the medium by vibration of the vibration part. .•_, •„,. 
[0128] Therefore, when M' cav is larger than M' max shown in Formula 4, the medium apparently absorbing is all a 
liquid remaining in the cavity 162. Therefore, it is the same condition as that when the liquid container is full of .quid. 
In this case, M' does not change, so that the resonance frequency fs neither changes. Namely, the medium relating to 
vibration does not become smallerthan M' max, so that, even if ink is consumed, changes cannot be detected. There- 
fore the actuator 1 06 cannot detect the liquid condition in the liquid container. 

[0129] On the other hand, when M' cav is smallerthan M' max shown in Formula 4, the medium apparently absorbing 
is a liquid remaining in the cavity 162 and gas or a vacuum in the liquid container. In this case, M' changes unlike the 
condition that the liquid container is full of liquid, so that the resonance frequency fs changes. Therefore, the actuator 
1 06 can detect the liquid condition in the liquid container. 

[0130] Namely when the liquid container contains no liquid and a liquid remains in the cavity 162 of the actuator 
1 06 the condition under which the actuator 1 06 can precisely detect the liquid condition is that M' cav is smaller than 
IW max. The condition M' max > M* cav under which the actuator 106 can precisely detect the liquid condition is inde- 
pendent of the shape of the cavity 1 62. 

[01 31 1 NT cav indicates mass Inertance of a liquid in almost the same volume as that of the cavity 1 62. Therefore, 
from the inequality M' max > NT cav, the condition underwhich the actuator 1 06 can precisely detect the liquid condition 
can be expressed as a condition of the volume of the cavity 1 62. For example, assuming the radius of the opening 1 61 
of the circular cavity 1 62 as a and the depth of the cavity 1 62 as d, the following formula is held: 

M'max>p*d/a 2 Formula 10. 

When Formula 10 is expanded, the following condition is obtained: 

a/d > 3* /8 Formula 1 1 



[0132] Formulas 10 and 11 are held only when the shape of the cavity 162 is circular. When the formula of M' max 
when the cavity 162 is not circular is used and a 2 in Formula 10 is substituted for the area thereof, the relationship of 
the width and length of the cavity with the depth thereof can be derived, 
so [0133] Therefore when the cavity 162 of the actuator 106 has the diameter a of the opening 161 and the depth d of 
the cavity 1 62 which satisfy Formula 1 1 , even if the liquid container contains no liquid and a liquid remains in the cavity 
162 the actuator 1 06 can detect the liquid condition free of malfunctions. 

[01341 The additional inertance M' affects the acoustic impedance characteristic, so that it may be said that the 
method for measuring counter electromotive force generated in the actuator 106 by the residual vibration detects at 
55 least changes in the acoustic impedance. 

[0135] According to this embodiment, the actuator 106 generates vibration and then counter electromotive force 
generated in the actuator 106 by the residual vibration is measured. However, it is not always necessary that the 
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vibration part of the actuator 1 06 gives vibration to a liquid by its own vibration by a drive signal. Namely even if the 
vibration part itself does not vibrate, it vibrates together with a liquid in contact with it within a certain range thereby 
the piezo-electric layer 1 60 is bent and deformed. This residual vibration generates counter electromotive force in the 
?L e c 20 ;! lec f lc ! ayer 1 60 and tr ansfers the counter electromotive force to the upper electrode 1 64 and the lower electrode 
166. The liquid condition may be detected using this phenomenon. For example, in an ink jet recording apparatus 
using vibration of the periphery of the vibration part of the actuator generated by vibration by the reciprocating motion 
of the carriage by scanning of a print head during printing, the condition of the ink tank or the ink condition therein may 
be detected. 7 

[01 36] Figs. 4A and 4B show a measuring method for the waveform of residual vibration of the actuator 1 06 and the 
residual vibration after vibrating the actuator 1 06. The vertical position of the ink level for the mounting position level 
of the actuator 106 in the ink cartridge can be detected by changes in the frequency of the residual vibration after the 
actuator 106 vibrates or changes in the amplitude. In Figs. 4A and 4B, the ordinate axis indicates voltage of counter 
electromotive force generated by residual vibration of the actuator 106 and the transverse axis indicates time By the 
res,dual vibration of the actuator 106, as shown in Figs. 4A and 4B, the waveform of an analog signal of voltage is 
generated. Next, the analog signal is converted to a digital value corresponding to the signal frequency. 
[0137] In the examples shown in Figs. 4A and 4B, by measuring the time required to generate four pulses from the 
fourth pulse of the analog signal to the eighth pulse, the existence of ink can be detected 

[0138] More in detail, after vibration of the actuator 106, the count of crossing a predetermined reference voltage 
from the low voltage side to the high voltage side is counted. A digital signal is made high between the 4th count and 

C ° timB fr ° m the 41h COUnt t0 the 8th count is measured by a predetermined clock pulse 

52?2 ♦u' 9- T S u 0W ! thS waveform when the ink level is Positioned above the mounting position level of the actuator 
06. On the other hand, Fig. 4B shows the waveform when there is no ink on the mounting position level of the actuator 
1 1 06. The comparison of Fig. 4A with Fig. 4B shows that the time from the 4th count to the 8th count in Fig 4A is lonqer 
than that in Fig. 4B. In other words, the time from the 4th count to the 8th count varies with the existence of ink By 
use of the difference in time, the consumption condition of ink can be detected. Starting to count from the 4th count of 
the analog waveform means starting measurement after stabilization of vibration of the actuator 1 06. Starting from the 
4th count is just an example and the time may be counted from any count. In this case, a signal from the 4th count to 
the 8th count is detected and the time from the 4th count to the 8th count is measured by a predetermined clock pulse 
Thereby, the resonance frequency is obtained. It is preferable that the clock pulse is a clock pulse equal to the clock 
for controlling a semiconductor storage device attached to the ink cartridge. There is no need to measure the time up 
to the 8th count and the time up to any count may be measured. In Figs. 4A and 4B, the time from the 4th count to the 
8th count is measured. However, according to the circuit constitution for detecting the frequency, the time within a 
different time range may be detected. 

[0140] For example, when the quality of ink is stabilized and the peak of the amplitude varies little, to increase the 
detection speed, the time from the 4th count to the sixth count is detected, thereby the resonance frequency may be 
obtained. Or, when the quality of ink is unstable and the pulse amplitude varies greatly, to precisely detect the residual 
vibration, the time from the 4th count to the 12th count may be detected. 

[0141] Further, in another embodiment, the wave-number of the voltage waveform of counter electromotive force 
within a predetermined period may be counted (notshown in the drawing). Also by this method, the resonance frequencv 
40 can be determined. M ' 

[0142] More in detail, after vibration of the actuator 106, a digital signal is made high for a predetermined period and 
the count of crossing a predetermined reference voltage from the low voltage side to the high voltage side is counted 
By measuring the count, the existence of ink can be detected. 

[0143] Furthermore, the comparison of Fig. 4A with Fig. 4B shows that the amplitude of the counter electromotive 
force waveform is different between a case that the ink cartridge is full of ink and a case that the ink cartridge contains 
no ink. Therefore, by measuring the amplitude of the counter electromotive force waveform without obtaining the res- 
onance frequency, the consumption condition of ink in the ink cartridge may be detected. More in detail for example 
a reference voltage is set between the peak of the counter electromotive force waveform shown in Fig 4A and the 
peak of the counter electromotive force waveform shown in Fig. 4B. When the actuator 1 06 vibrates and then a digital 
signal is made high at a predetermined time, and the counter electromotive force waveform crosses the reference 
voltage, the actuator 1 06 judges that there is no ink. When the counter electromotive force waveform does not cross 
the reference voltage, the actuator 1 06 judges that there is ink. 

[ °J 4 f L Th , 6 ab0VS iS thS ex P |anation of the "actuator" which is an example of a piezo-electric device and the detection 
art of the ink consumption condition using it. Next, an embodiment of the mounting structure of the present invention 
55 will be explained. 

l™ 45 i Rg 'f ! S 3 pers P ectlve view showln 9 the constitution that the actuator 106 is formed integrally as a module 
100. The module 100 is mounted at a predetermined location of a container (container body) 1 of the ink cartridge 
shown in F,g. 10. The module 100 is structured so as to detect at least changes in the acoustic impedance in an ink 
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solution thereby detect the consumption condition of the liquid in the container 1 . The module 1 00 of this embodiment 
has a mount portion 1 01 for mounting the actuator 1 06 to the container 1 . The mount portion 1 01 is structured so as 
to mount a column 116 containing the actuator 106 vibrated by a drive signal on a substrate 102 having an almost 
rectangular surface, when the module 100 is mounted on the ink cartridge, the actuator 106 of the module 100 is 
disposed so as not to be touched from outside, so that the actuator 106 can be protected from external touch. The 
edge of the column 116 on the top side is rounded, so that it can be easily fit at the time of mounting into the through 
hole formed in the ink cartridge. 

[0146] When the outer periphery of the mounting structure is formed so as to have a sealing structure like an elastic 
member, it can be appropriately held liquid-tightly with the container. In this drawing, the mounting structure has the 
substrate 102 and the column 116. However, the shape of the mounting structure is not limited to it. For example, it 
may be a cylindrical structure that the side of the column 11 6 is extended. 

[0147] Fig. 6 is an exploded view showing the constitution of the module 100 shown in Fig. 5. The module 100 
includes the mount portion 101 made of resin, a plate 110, and a receiving portion 105 having a concavity 113. Fur- 
thermore, the module 100 has lead wires 104a and 104b, the actuator 106, and a film 108. It is preferable that the 
plate 110is formed from a rust-proof material such as stainless steel or stainless steel alloy. In the column 116 and 
the substrate 102 included in the mount portion 101 s an opening 114 is formed at the center thereof so as to house 
the lead wires 1 04a and 1 04b and the concavity 1 1 3 is formed so as to house the actuator 1 06, the film 1 08, and the 
plate 1 1 0 The actuator 1 06 is joined to the plate 1 1 0 via the film 1 08 and the plate 1 1 0 and the actuator 1 06 are fixed 
to the mount portion 101. Therefore, the lead wires 104a and 104b, the actuator 106, the film 108, and the plate 110 
are attached integrally to the mount portion 101. 
[01 48] The lead wires 1 04a and 1 04b are respectively joined to the upper electrode and lower electrode of the actuator 
106 transfer a drive signal to the piezo-electric layer, and transfer a signal of resonance frequency detected by the 
actuator 1 06 to the recording apparatus. The actuator 1 06 vibrates temporarily on the basis of a drive signal transferred 
from the lead wires 1 04a and 1 04b. After vibration, the actuator 1 06 executes residual vibration and generates counter 
25 electromotive force by the vibration. At this time, by detecting the vibration cycle of the counter electromotive force 
waveform the resonance frequency corresponding to the consumption condition of liquid in the liquid container can 
be detected. The film 1 08 bonds the actuator 1 06 to the plate 1 1 0 so as to make the actuator liquid-tight It is preferable 
to form the film 1 08 by polyolefin and bond by thermal fusion. 

[01 49] Preferably, the lead wires 1 04a, 1 04b are formed by conductive members of relatively high rigidity so that the 

30 actuator (piezo-electric device) 1 06 is supported by the lead wires 104a, 104b. 

[0150] The plate 110 is circular and the opening 114 of the substrate 102 is formed cylindrically. The actuator 106 
and the film 108 are formed rectangularly. The lead wires 104, the actuator 106, the film 1 08, and the plate 110 may 
be attached to the substrate 102 in a removable state. The substrate 102, the lead wires 104, the actuator 106, the 
film 1 08, and the plate 1 1 0 are arranged symmetrically about the central axis of the module 1 00. Further, the centers 

35 of the substrate 1 02, the actuator 1 06, the film 1 08, and the plate 1 1 0 are arranged almost on the central axis of the 

module 100. ... 
[0151] The area of the opening 114 of the substrate 102 is formed larger than the area of the vibration area of the 
actuator 1 06 At the position, which is the center of the plate 110, facing the vibration part of the actuator 1 06, a through 
hole 112 is formed. As shown in Figs. 1A to 2, the cavity 162 is formed in the actuator 106 and the through hole 112 
40 and the cavity 1 62 form an ink reservoir respectively. It is preferable that the thickness of the plate 1 1 0 is smaller than 
the diameter of the through hole 112 so as to reduce the effect of residual ink. For example, it is preferable that the 
depth of the through hole is equal to or less than 1/3 of the diameter thereof. The through hole 112 is in an almost 
circular shape symmetrical about the central axis of the module 1 00. The area of the through hole 112 is larger than 
the area of the opening of the cavity 162. The periphery of the section of the through hole 112 may be tapered or 
45 stepped The module 100 is mounted to the side, top, or bottom of the container 1 so that the through hole 112 is 
directed inward the container 1 . When ink is consumed and ink around the actuator 1 06 IS exhausted, the resonance 
frequency of the actuator 106 is changed greatly, so that changes in the ink level can be detected. 
[01 52] Fig 7 is a perspective view showing another embodiment of the module. In the module 400 of this embodiment, 
a receiving portion 405 is formed on a mount portion 401 . In the mount portion 401 , a cylindrical column 403 is formed 
so on a substrate 402 having an almost square surface with round comers. Further, the receiving portion 405 includes a 
plate element 406 erected on the column 403 and a concavity 41 3. In the concavity 41 3 formed on the side of the plate 
element 406, the actuator 1 06 is arranged. The end of the plate element 406 is chamfered at a predetermined angle 
so as to be easily fit at the time of mounting in the through hole formed in the ink cartridge. 

[0153] Fig 8 is an exploded perspective view showing the constitution of the module 400 shown in Fig. 7. In the 
55 same way as with the module 1 00 shown in Fig. 5, the module 400 includes the mount portion 401 and the receiving 
portion 405 The mount portion 401 has the substrate 402 and the column 403 and the receiving portion 405 has the 
plate element 406 and the concavity 41 3. The actuator 1 06 is joined to a plate 41 0 and fixed to the concavity 41 3. The 
module 400 additionally has lead wires 404a and 404b, the actuator 1 06, and a film 408. 
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[0154] Preferably, the lead wires 404a, 404b are formed by conductive members of relatively high rigidity so that the 
actuator (piezo-electric device) 1 06 is supported by the lead wires 404a, 404b. 

[0155] According to this embodiment, the plate 410 is rectangular and an opening 414 formed In the plate element 
406 is rectangular. The lead wires 404a and 404b, the actuator 1 06, the film 408, and the plate 41 0 may be attached 
to the substrate 402 in a removable state. The actuator 106, the film 408, and the plate 41 0 pass the center of the 
opening 414 and are arranged symmetrically about the central axis extending perpendicularly to the surface of the 
open ing 41 4. Further, the centers of the actuator 406, the film 408 , and the plate 4 1 0 are arranged almost on the central 
axis of the opening 414. 

[0156] The area of a through hole 412 formed at the center of the plate 41 0 is larger than the area of the opening of 
the cavity 1 62 of the actuator 1 06. The cavity 1 62 of the actuator 1 06 and the through hole 41 2 form an ink reservoir 
respectively. It is preferable that the thickness of the plate 410 is smaller than the diameter of the through hole 412 
and for example, set to 1/3 or less of the diameter of the through hole 41 2. The through hole 41 2 is an almost circle 
symmetrical about the central axis of the module 400. The periphery of the section of the through hole 412 may be 
tapered or stepped. The module 400 can be mounted to the bottom of the container 1 so that the through hole 412 is 
arranged in the container 1. The actuator 106 is arranged in the container 1 so as to extend in the perpendicular 
direction, so that by changing the height of the substrate 402 and changing the height of the actuator 106 when it is 
arranged in the container 1 , the setting of the point of time of ink end can be changed. 

[0157] Figs. 9A to 9C show still another embodiment of the module. In the same way as with the module 100 shown 
in Fig. 5, a module 500 shown in Figs. 9A to 9C includes a mount portion 501 having a substrate 502 and a column 
503. The module 500 additionally has lead wires 504a and 504b, the actuator 1 06, a film 508, and a plate 51 0. In the 
substrate 502 included in the mount portion 501 , an opening 514 is formed at the center so as to house the lead wires 
504a and 504b and a concavity 513 is formed so as to house the actuator 106, the film 508, and the plate 510. The 
actuator 106 is fixed to a receiving portion 505 via the plate 51 0. Therefore, the lead wires 504a and 504b, the actuator 
106, the film 508, and the plate 51 0 are integrally attached to the mount portion 501 . In the module 500 of this embod- 
iment, the column 503 having a top inclined vertically is formed on the substrate having an almost square surface with 
round corners. The actuator 106 is arranged on the concavity 513 which is installed on the top of the column 503 
slantwise in the vertical direction. 

[01 58] Preferably, the lead wires 504a, 504b are formed by conductive members of relatively high rigidity so that the 
actuator (piezo-electric device) 1 06 is supported by the lead wires 504a, 504b. 
30 [0159] The end of the module 500 is inclined and the actuator 1 06 is mounted on the inclined surface thereof. There- 
fore, when the module 500 is mounted on the bottom or side of the container 1 , the actuator 1 06 is inclined against 
the vertical direction of the container 1 . It is desirable to set the inclination angle of the end of the module 500 between 
about 30° and 60° from the viewpoint of the detection capacity. 

[0160] The module 500 is mounted on the bottom or side of the container 1 so that the actuator 1 06 is arranged in 
35 the container 1 . When the module 500 is mounted on the side of the container 1 , the actuator 1 06 is attached to the 
container 1 so that it is directed toward the top side, bottom side, or side of the container 1 in an inclined state. On the 
other hand, when the module 500 is mounted on the bottom of the container 1 , it is preferable that the actuator 1 06 is 
attached to the container 1 so that it is directed toward the ink feed port side of the container 1 in an inclined state. 
[0161] Since the actuator 1 06 is mounted on the inclined surface of the inclined cylindrical end, the diameter of the 
column can be made smaller than that of the module 100 shown in Fig. 5. Namely, the module can be made thin, so 
that it is also suited to mounting of an ink container having a narrow mounting place of the module. Furthermore, the 
diameter of the hole of the module mounting part of the ink container can be made smaller. Therefore, an ink leak can 
be reduced. 

[0162] Fig. 10 is a cross sectional view of the neighborhood of the bottom of the ink container when the module 100 
shown in Fig. 5 is mounted to a through hole 1 a of the container 1 . The module 100 is mounted so as to pass through 
the side wall of the container 1 . At the junction between the side wall of the container 1 and the module 1 00, an O-ring 
365 is provided so as to keep the module 1 00 and the container 1 liquid-tight. It is preferable that the module 1 00 has 
a column as explained in Fig. 5 so as to seal it by the O-ring 365. When the end of the module 1 00 is inserted into the 
container 1 , ink in the container 1 comes in contact with the actuator 106 via the through hole 112 of the plate 110. 
so The resonance frequency of residual vibration of the actuator 1 06 varies with whether the medium around the vibration 
part of the actuator 1 06 is a liquid or a gas, so that the consumption condition of ink can be detected using the module 
1 00. In addition to the module 1 00, the module 400 shown in Fig. 7, the module 500 shown in Figs. 9A to 9C, or modules 
700A and 700B and a molded structure 600 which will be shown in Figs. 11 A to 11 C next may be mounted in the 
container 1 and the existence of ink may be detected. 
55 [01 63] By use of the module 1 00 mentioned above, it can be removed from the container 1 . Therefore, the actuator 
106 can be appropriately attached to or removed from the container 1 . By doing this, the actuator 106 can be easily 
recycled. 

[0164] Fig. 11 A shows a cross sectional view of the ink container when the module 700B is mounted in the container 
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1 . In this embodiment, the module 700B is used as one of the mounting structures. The module 700B is mounted to 
the container 1 so that a mount portion 360 is projected into the container 1 . A through hole 370 is formed in a mounting 
plate 350 and the through hole 370 and the vibration part of the actuator 106 are opposite to each other. Further, a 
hole 382 is formed in the bottom wall of the module 700B and a receiving portion 363 is formed. The actuator 106 is 
arranged so as to block one end of the hole 382. Therefore, ink is in contact with the vibrating plate 176 via the hole 
382 of the receiving portion 363 and the through hole 370 of the mounting plate 350. The hole 382 of the receiving 
portion 363 and the through hole 370 of the mounting plate 350 form a ink reservoir respectively. The receiving portion 
363 and the actuator 106 are fixed by the mounting plate 350 and film member. At the connection of the mount portion 
360 and the container 1 , a sealing structure 372 is installed. The sealing structure 372 may be formed by a plastic 
material such as synthetic resin or formed by an O-ring. Furthermore, a molding part for sealing the connection of the 
receiving portion 363 and the actuator 106 may be provided. The module 700B and the container 1 shown in Fig. 11 A 
are formed independently with each other. However, as shown in Fig. 11B, the receiving portion of the module 700B 
may be composed of a part of the container 1 . 

[0165] The module 700B shown in Fig. 11 A does not require embedding of the lead wires shown in Figs. 5 to 9C 
into the module. As a result, the molding step is simplified. Further, the module 700B can be exchanged and recycled. 
[0166] If ink adheres to the top or side of the container 1 when the ink cartridge vibrates and ink dropping from the 
top or side of the container 1 comes in contact with the actuator 106, the actuator 106 may malfunction. However, in 
the module 700B, since the mount portion 360 is projected into the container I, the actuator 106 will not malfunction 
due to ink dropping from the top or side of the container 1 . 

[0167] According to the embodiment shown in Fig. 11 A, the vibrating plate 176 and a part of the mounting plate 350 
are mounted in the container 1 so that they alone come in contact with ink in the container 1 . By the insulating part 
composed of the vibrating plate 176 and the mounting plate 350 like this, the piezo-electric element can be insulated 
from liquid in the container 1 . Since the actuator 106 is fixed by the mounting plate 350, only the vibration part of the 
vibrating plate 176 can be vibrated appropriately. 

[0168] According to the embodiment shown in Fig. 11 A, embedding of the electrodes of the lead wires 1 04a, 1 04b, 
404a, 404b, 504a, and 504b shown in Figs. 5 to 9C into the module is not required. As a result, the molding step is 
simplified. Further, the module 700B can be exchanged and recycled. 

[0169] Fig. 1 1 B shows a cross sectional view of an ink container of an embodiment when the actuator 1 06 is mounted 
in the container 1 . In the ink cartridge of the embodiment shown in Fig. 11 B, a protective member 361 is attached to 
the container 1 separately from the actuator 1 06. Therefore, the protective member 361 and the actuator 1 06 are not 
integrated as a module. The protective member 361 can protect the actuator 106 from touching by user's hand. A hole 
380 formed on the front of the actuator 106 is arranged in the side wall of the container 1 . The actuator 106 includes 
the piezo-electric layer 1 60, the upper electrode 1 64, the lower electrode 1 66, the vibrating plate 1 76, and the mounting 
plate 350. The vibrating plate 1 76 is formed on the top of the mounting plate 350 and the lower electrode 1 66 is formed 
on the top of the vibrating plate 176. The piezo-electric layer 160 is formed on the top of the lower electrode 166 and 
the upper electrode 164 is formed on the top of the piezo-electric layer 160. Therefore, the main part of the piezo- 
electric layer 1 60 is formed so as to be held by the main part of the upper electrode 1 64 and the main part of the lower 
electrode 1 66. The circular parts, which are the respective main parts of the piezo-electric layer 1 60, the upper electrode 
1 64, and the lower electrode 1 66, form a piezo-electric element. The piezo-electric element is formed on the vibrating 
plate 176. The piezo-electric element and the vibration part of the vibrating plate 176 are the vibration part where the 
actuator actually vibrates. The through hole 370 is formed in the mounting plate 350. Further, the through hole 380 is 
formed in the side wall of the container 1 . Therefore, ink is in contact with the vibrating plate 176 via the hole 380 of 
the container 1 and the through hole 370 of the mounting plate 350. The hole 380 of the container 1 and the through 
hole 370 of the mounting plate 350 form an ink reservoir respectively, According to the embodiment shown in Fig. 1 1 B, 
the actuator 1 06 is protected by the protective member 361 , so that the actuator 1 06 is protected from contact with the 
outside. 

[0170] The actuator 1 06 and the mounting plate 350 shown in the examples in Figs. 11 A and 11 B can be replaced 
with the actuator 1 06 having the substratel 78 shown in Figs. 1 A to 1 B. 

[0171 ] Fig. 1 1 C shows an embodiment having the molded structure 600 including the actuator 1 06. This embodiment 
uses the molded structure 600 as a mounting structure. The molded structure 600 has the actuator 1 06 and a molding 
part 364. The actuator 1 06 and the molding part 364 are integrally formed. The molding part 364 is formed with a plastic 
material such as silicone resin. The molding part 364 has a lead wire 362 inside. The molding part 364 is formed so 
as to have two legs 364a, 364b extended from the actuator 1 06. To fix the molding part 364 and the container 1 liquid- 
tightly, the ends of the two legs of the molding part 364 are formed semispherically. The molding part 364 is mounted 
to the container 1 so that the actuator 106 is projected into the container 1 and the vibration part of the actuator 106 
comes in contact with ink in the container 1. The upper electrode 164, the piezo-electric layer 160, and the lower 
electrode 166 of the actuator 1 06 are protected from ink by the molding part 364. 

[0172] The molded structure 600 shown in Fig. 11 C does require the sealing structure 372 between the molding part 
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364 and the container 1 , so that ink hardly leaks from the container 1 . Further, the molded structure 600 is not projected 
outward from the container 1 , the actuator 106 is protected from contact with the outside. When the ink cartridge 
vibrates, ink is adhered to the top or side of the container 1 and ink dropping from the top or side of the container 1 
touches the actuator 1 06, thereby the actuator 1 06 may malfunction. In the molded structure 600 : the molding part 364 
is projected into the container 1 , so that the actuator 1 06 will not malfunction by ink dropping from the top or side of 
the container 1 . 

[01 73] Fig. 1 2 shows an enlarged view of the opening of the mounting structure of this embodiment. More concretely, 
it is an example of an enlarged view of the opening of the mounting structure shown in Figs. 1 1 A and 11 B. A through 
hole 2c is formed in the receiving portion 363. An actuator 650 has a vibrating plate 72 and a piezo-electric element 
73 fixed to the vibrating plate 72. The actuator 650 is fixed to the receiving portion 363 so that the piezo-electric element 
73 is opposite to the through hole 2c via the vibrating plate 72 and a substrate 71 . The vibrating plate 72 can be 
elastically deformed and is ink- resistant. The diameter of the plate 71 is not limited to this drawing. The mounting 
structure may be composed of a part of the wall of the container 1 as shown in Fig. 11 B, so that the through hole may 
be formed in the wail of the container 1 . 

[0174] The amplitude and frequency of counter electromotive force generated by the residual vibration of the piezo- 
electric element 73 and the vibrating plate 72 are changed depending on the ink amount in the container 1 . The through 
hole 2c is formed in the position opposite to the actuator 650 and a minimum fixed amount of ink is reserved in the 
through hole 2c. Therefore, when the vibration characteristic of the actuator 650 defined by the ink amount reserved 
in the through hole 2c is measured beforehand, the ink end of the container 1 can be detected surely. 
[0175] Figs. 13Ato 13C show other embodiments of the through hole 2c. In Figs. 13A, 13B, and 13C, each drawing 
on the left indicates a condition that there is no ink K in the through hole 2c and each drawing on the right indicates a 
condition that there is ink K remaining in the through hole 2c. In the embodiment shown in Fig. 12, both sides of the 
through hole 2c are formed as perpendicular walls. In Fig. 13A, the sides 2d of the through hole 2c are oblique in the 
vertical direction and enlarged and opened outward. In Fig. 13B, different level parts 2e and 2f are formed on the side 
of the through hole 2c. The different level part 2f positioned above is wider than the different level part 2e positioned 
below. In Fig. 13C, the through hole 2c has a slit 2g extending in the direction of easy ejection of ink K, that is, in the 
direction of an ink feed port 2 shown in Fig. 18. 

[0176] Depending on each shape of the through hole 2c shown in Figs. 13A to 13C, the amount of ink K in the ink 
reservoir can be reduced. Therefore, M' cav explained in Figs. 1 A and 2 can be made smaller than M' max, so that the 
30 vibration characteristic of the actuator 650 at the time of ink end can be made different from that when ink K in a 
printable amount remains in the container 1 . Therefore, the ink end can be detected more surely. The mounting structure 
may be composed of a part of the wall of the container 1 as shown in Fig. 1 1 B, so that the through hole may be formed 
in the wall of the container 1 . 

[0177] Figs. 14A to 14B show plan views of still other embodiments of the through hole 2c. As shown in Figs. 14A 
to 14C, the plane shape of the through hole 2c can be any shape as long as it does not have negative effects on the 
vibration characteristic of the actuator. It may be an optional shape such as a circle, a rectangle, or a triangle. The 
through hole 2c is formed in the receiving portion 363. However, the mounting structure may be composed of a part 
of the wall of the container 1 as shown in Fig. 1 1 B, so that the through hole may be formed in the wall of the container 1 . 
[0178] Fig. 15 shows an embodiment of an ink cartridge to which the mounting structure 107 with an actuator is 
attached and an ink jet recording apparatus. A plurality of ink cartridges are mounted to ink jet recording apparatus 
having a plurality of ink inlets 1 82 and head plates 1 84 corresponding to the respective ink cartridges 1 80. The plurality 
of ink cartridges 180 contain different kinds, for example, different colors of ink. On the respective bottoms of the 
plurality of ink cartridges 180, the mounting structures 107 having actuators which are means for detecting at least 
acoustic impedance are installed. When each mounting structure 1 07 with an actuator is attached to each ink cartridge 
45 180, the residual amount of ink in the ink cartridge 180 can be detected. 

[01 79] Fig. 1 6 is a perspective view showing an embodiment of an ink cartridge containing a plurality of kinds of Ink 
which is viewed from the back. A container 8 is divided into three ink chambers 9, 10, and 11 by partitions, ink feed 
ports 12, 13, and 14 are formed in the respective ink chambers. To the bottoms 8a of the respective ink chambers 9, 
10, and 11 , mounting structures 15, 1 6, and 17 with actuators are attached so as to detect the consumption condition 
of ink contained in each ink chamber. Division of the container 8 into ink chambers by partitions is not limited to 3. The 
kind of ink contained in each ink chamber may be different from each other or may be the same. 
[0180] Figs. 17A to 17C show a further embodiment of the ink cartridge 180. Fig. 17A is a cross sectional view of 
an ink cartridge 1 80C, and Fig. 1 7B is an enlarged cross sectional view of a side wall 1 94b of the ink cartridge 1 80C 
shown in Fig. 1 7A, and Fig. 1 7C is a perspective view from the front thereof, A mounting structure 700 is attached to 
the ink cartridge 180C. The mounting structure 700 has a circuit board 610. A semiconductor storage means 7 and 
the actuator 1 06 are formed on the same circuit board 61 0. As shown in Figs. 1 7B and 1 7C, the semiconductor storage 
means 7 is formed above the circuit board 610 and the actuator 106 is formed under the semiconductor storage means 
7 on the same circuit board 610. A non-standard O-ring 614 is mounted to the side wall 194b so as to enclose the 
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periphery of the actuator 106. On the side wall 194b, a plurality of caulking parts 616 for joining the circuit board 610 
to an ink container 1 94 are formed. When the circuit board 610 is joined to the ink container 194 by the caulking parts 
61 6 and the non-standard O-ring 614 is pressed against the circuit board 610, the vibration part of the actuator 106 
can come in contact with ink and the outside and inside of the ink cartridge are kept liquid-tight. 

5 [0181] When a predetermined concavity is formed in the side wall 1 94b and the caulking parts 616 are fit, the mounting 
structure 700 having the circuit board 610 can be attached at a predetermined position and connection of terminals 
612 which will be described later and attaching of the actuator can be carried out at appropriate positions respectively. 
[0182] In the semiconductor storage means 7 and in the neighborhood of the semiconductor storage means 7, the 
terminals 612 are formed. The terminals 612 transfer a signal between the semiconductor storage means 7 and the 

10 outside such as the ink jet recording apparatus. The semiconductor storage means 7 may be composed of a rewritable 
semiconductor memory such as EEPROM. since the semiconductor storage means 7 and the actuator 1 06 are formed 
on the same circuit board 610, at the time of attaching the actuator 1 06 and the semiconductor storage means 7, only 
a single attaching step may be required. Further, the operation step at the time of manufacture and recycle of the ink 
cartridge 180C can be simplified. Further, the number of parts is reduced, so that the manufacturing cost of the ink 

15 cartridge 1 80C can be reduced. 

[01 83] The actuator 1 06 detects the consumption condition of ink in the ink container 1 94. The semiconductor storage 
means 7 stores ink information such as the residual amount of ink detected by the actuator 1 06. Namely, the semicon- 
ductor storage means 7 stores information concerning the characteristic parameters such as the characteristics of the 
ink and ink cartridge. The semiconductor storage means 7 stores the resonance frequency when the ink container 194 

20 is full of ink, that is, the ink container 1 94 is filled with ink, or the ink is exhausted, that is, the ink in the ink container 
194 is consumed as a characteristic parameter. The resonance frequency when the ink container 194 is full of ink or 
the ink is exhausted may be stored when the ink container is mounted in the ink jet recording apparatus first. Further, 
the resonance frequency when the ink container 194 is full of ink or the ink is exhausted may be stored during manu- 
facturing of the ink container 194. The resonance frequency when the ink container 194 is full of ink or the ink is 

25 exhausted is stored in the semiconductor storage means 7 beforehand, and the data of resonance frequency is read 
by the ink jet recording apparatus side, thereby variations at the time of detection of the residual amount of ink can be 
corrected, so that it can be precisely detected that the residual amount of ink is reduced to the reference value. 
[01 84] Fig. 1 8 is a cross sectional view of the essential section of an ink jet recording apparatus with an ink cartridge 
having a mounting structure. A carriage 30 moving back and forth in the direction of the width of a recording paper has 

so a sub-tank unit 33. A recording head 31 is installed on the bottom of the sub-tank unit 33. An ink feed needle 32 is 
installed on the ink cartridge mounting surface side of the sub-tank unit 33. 

[0185] In the container 1 for containing ink, an ink feed port 2 joining with the ink feed needle of the recording appa- 
ratus is installed. A mounting structure 3 is attached to the bottom of the container 1 . 

[0186] The ink feed port 2 is provided with a packing 4 and a valve body 6. The packing 4 is liquid-tightly connected 
35 to the ink feed needle 32 interconnecting to the recording head 31 . The valve body 6 is always connected elastically 
to the packing 4 by a spring 5. When the ink feed needle 32 is inserted, the valve body 6 is pressed by the ink feed 
needle 32 so as to open the ink flow path and ink in the container 1 is fed to the recording head 31 via the ink feed 
port 2 and the ink feed needle 32. 

[01 87] The carriage 30 moving back and forth in the direction of the width of a recording paper has the sub-tank unit 
40 33 and the recording head 31 is installed on the bottom of the sub-tank unit 33. The ink feed needle 32 is installed on 
the ink cartridge mounting surface side of the sub-tank unit 33. A mounting structure with a piezo-electric device mount- 
ed may be attached to the sub-tank 33 so as to judge ink shortage. Since the sub-tank side detects the consumption 
condition of ink after the ink of the ink cartridge is exhausted, the ink cartridge can be exchanged at timing close to ink 
shortage. Furthermore, to make the detection of the consumption condition of ink surer, a mounting structure having 
45 a piezo-electric device may be attached to each of the ink cartridge and sub-tank. 

[0188] Not only the mounting structure is attached to the ink cartridge installed on the carriage 30 as mentioned 
above but also the ink tank other than the ink cartridge may be installed on a predetermined printer fixing part other 
than on the carriage 30. 

[0189] Fig. 19 is a cross sectional view of the ink cartridge 180d showing another embodiment of the ink cartridge 
50 180. In Fig. 10 mentioned above, the module 1 00 shown in Fig. 5 is attached to the side wall of the container 1 . In Fig. 
1 9, the module 500 shown in Figs. 9A to 9C is attached to the side wall 1 94b of the ink container 1 94 of the ink cartridge 
180d. 

[0190] The end of the module 600 is inclined and the actuator 1 06 is mounted on the receiving portion 505 inclined. 
As a result, when the module 500 is attached to the side wall 194b, the actuator 106 is inclined to the vertical direction 
55 of the ink container 1 94. The actuator 1 06 is also inclined to the Ink surface in the ink container 1 94. 

[0191] Therefore, even if the ink surface passes the module 500 or the ink container vibrates and ink is adhered in 
the neighborhood of the receiving portion 505, ink in the neighborhood of the receiving portion 505 flows and drops. 
By use of such an inclined receiving portion 505, ink in the neighborhood of the actuator 1 06 is well drained. Therefore, 
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ink unnecessary for measurement of the actuator 1 06 is prevented from staying in the receiving portion 505 and mal- 
detection of measurement of the actuator 1 06 can be reduced. 

[0192] In Fig. 1 9, the module 500 is attached to the ink container 1 94 so that the receiving portion 505 of the module 
500 is directed toward the bottom of the ink container 1 94. However, the mounting direction of the module 500 is not 
limited to the drawing and the module 500 may be attached to the ink container 1 94 so that the receiving portion 505 
is directed toward the top of the ink container 1 94. The mounting position of the module 500 on the side wall 1 94b and 
the number thereof are not limited to the drawing and the length of projection of the module 500 into the ink container 
1 94 is neither limited to the drawing. 

[0193] Fig. 20 is a cross sectional view of the ink cartridge 1 80e showing different embodiment from that shown in 
Fig. 1 9. In Fig. 20, unlike Fig. 1 9, the module 500 is attached to the bottom of the ink container 1 94 in the neighborhood 
of an ink feed port 1 87. Also in this case, in the same way as with Fig. 1 9, the receiving portion 505 of the module 500 
is inclined, so that ink is well drained. Therefore, the maldetection of the actuator 1 06, which is a detection of ink though 
there is no ink actually, can be reduced. 

[0194] In this case, it is preferable that the module 500 is attached in the neighborhood of the ink feed port 187 The 
reason is that even if the ink cartridge 1 80e is mounted to the ink jet recording apparatus in an inclined state, it can be 
detected appropriately whether ink remains in the neighborhood of the ink feed port 1 87 or not. The mounting position 
of the module 500 on the bottom of the ink container 1 94 and the direction and number thereof are not limited to the 
drawing and the length of projection of the module 500 into the ink container 1 94 is neither limited to the drawing 
[0195] In this embodiment, the mounting structure with the actuator for detecting the consumption condition of ink 
is mainly explained. However, a mounting structure with a piezo-electric device for generating an elastic wave and a 
mounting structure with a piezo-electric device for receiving a reflected wave may be attached to the liquid container 
Therefore, the number of mounting structures to be attached to the liquid container is not limited to one Further the 
mounting position of the mounting structure to the liquid container is neither limited to the bottom of the liquid container 
[01 96] Next, a mounting structure and a module having the mounting structure and a piezo-electric device of another 
embodiment of the present invention will be explained with reference to Figs. 21 to 33D. 

[0197] Fig. 21 shows a plate member for manufacturing the mounting structure of this embodiment and a plate 
member 800 is formed by pressing a thin metal sheet with a thickness of about 0.1 to 0.2 mm into a predetermined 
shape. It is preferable that the thin metal sheet to be used has quality of low electric resistance and suited to soldering 
and pressing, though the thin metal sheet may be plated so as to lower the electric resistance and soldered Numeral 
801 shown in Fig. 21 indicates an elongated member for forming a conductive member constituting a part of the mount- 
ing structure and a pair of elongated members 801 are formed for each mounting structure. Each elongated member 

801 has an distal end 802, an intermediate part 803, a proximal end 804, and a projection 805 and the distal ends 802 
of the pair of elongated members 801 are connected by a tie bar (a connection member) 806. At the center of the tie 
bar 806, a positioning hole 810 is formed. The positioning hole 810 is formed at the position corresponding to the 
vibration part (sensor part) of the piezo-electric device. Each elongated member 801 is connected to a support part 
808 via a branch part 807. In the support part 808, pilot holes 809 used to transport the plate member 800 by a man- 
ufacturing machine are formed. 

[0198] As shown in Fig. 22, the elongated members 801 are bent along the bending parts shown in Fig 21 By doing 
this, the pair of distal ends 802 of the pair of elongated members 801 are arranged in the same plane. On the other 
hand, the pair of proximal ends 804 are arranged in another same plane different from the plane where the pair of 
distal ends 802 are arranged. The projections 805 are erected by bending and the erected projections 805 act to stick 
to resin. 

[0199] Figs. 23A to 23C are drawings showing the enlarged pair of elongated members 801 and as shown in Fig 
23C, the same plane where the pair of distal ends 802 are arranged are parallel with another same plane where the 
pair of proximal ends 804 are arranged. As shown in Fig. 23B, the elongated member 801 at the part (the distal end 

802 included) positioned in the same plane and the elongated member 801 at the part (the proximal end 804 included) 
positioned in another same plane are not overlaid with each other in the perpendicular direction to the same plane and 
another same plane. Therefore s at the time of bending the elongated members 801 shown in Fig. 21 by bending dies 
the bending dies do not interfere with each other and the bending operation can be performed easily 

[0200] Next, by referring to Figs. 24 to 28C, a procedure that a molded part is integrally formed in the elongated 
members 801 shown in Fig. 22 by insertion molding will be explained. 

[0201] As shown in Fig. 24, to form a molded part 811 by insertion molding, a female die 812 and a male die 813 fit 
into it are used. The female die 812 is shown in Figs. 27A to 27C in detail and the male die 81 3 is shown in Figs 28A 
to 28C in detail. A positioning column 814 is formed on the male die 813 and a positioning R part 815 having a contour 
corresponding to the structure of the positioning column 814 is formed on the pair of elongated members 801 The 
contour of the positioning R part 815 and the structure of the positioning column 814 form concentric circles. Further- 
more, at the end of the male die 813, a positioning convexity 81 6 is formed and the positioning convexity 816 can be 
inserted into the positioning hole 81 0 of the connection member 806. 
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[0202] Then, in the state shown in Fig. 25, when the positioning column 814 is fit into the positioning R part 815 and 
the positioning convexity 81 6 is inserted into the positioning hole 81 0, the pair of elongated members B01 are positioned 
to the male die 813. Furthermore, as shown in Fig. 26, when the positioning convexity 816 of the male die 813 is 
inserted into the positioning concavity 817 of the female die 812, the male die 813 is positioned to the female die 812. 
By doing this, the pair of elongated members 801 are precisely positioned inside the female die 81 2 and the male die 
B1 3 

[0203] Further, as shown in Fig. 25, a contact surface 81 8 is formed around a positioning concavity 81 7 of the female 
die 812 and a contact surface 819 is also formed around a positioning convexity 81 6 of the male die 813. As shown 
in Fig. 26, at least a part of the distal end 802 of each elongated member 801 is held from both sides by the contact 
surface 81 8 on one side and the contact surface 81 9 on the other side. No resin is fed to the distal end 802 at the part 
held by the contact surfaces 81 8 and 81 9, so that the distal end 802 at the part is not embedded in resin and exposed 
and the electrical contact is ensured. Therefore, an additional step of removing resin so as to ensure the electrical 
contact at the distal end 802 is not required and the manufacturing process is simplified. 

[0204] When the molded part 811 is integrally formed on the pair of elongated members 801 , the branch parts 807 
are cut at the cutting parts shown in Fig. 21 and as shown in Figs. 29 to 30D, an integrated molded product 820 of the 
pair of elongated members 801 and the molded part 811 is manufactured. 

[0205] As shown in Figs. 29 to 30D, the molded part 811 has a square plate base 821 and a column 822 projected 
from the base 821 , and a concavity 823 for receiving the piezo-electric device is formed on the end surface of the 
column 822, and the pair of distal ends 802 and the connecting member 806 for connecting them are arranged on the 
bottom of the concavity 823. As shown in Fig. 29, on one side of the base 821 , seats 824 in contact with the side wall 
of the liquid container are formed in the four corners. As shown in Fig. 30B, on the other side of the base 821 , two 
projections 825 for positioning the molded part 811 to the circuit board are formed. 

[0206] Next, in the integrated molded product 820 shown in Figs. 29 to 30D, the connection member 806 connecting 
the distal ends 802 of the pair of elongated members 801 is cut, bent, or resected, thereby the distal ends 802 are 
electrically separated. When the distal ends 802 are electrically separated like this, as indicated by numeral 830 in Fig. 
31 , the mounting structure of this embodiment is manufactured and the mounting structure 830 has a pair of conductive 
members 831 composed of the pair of elongated members 801 separated from each other. Each of the pair of con- 
ductive members 831 has an electrical contact 832 composed of the exposed part of the distal end 802 of the elongated 
member 801 . A drive signal is applied to an actuator 833 via the pair, of conductive members 831 constituting a three- 
dimensional circuit. 

[0207] In the concavity 823 of the molded part 811 of the mounting structure 830 : the actuator 833 constituting the 
piezo-electric device is fit and the pair of electrical contacts 832 of the mounting structure 830 and the pair of electrodes 
of the actuator 833 are electrically connected. At the time of this connection, a conductive adhesive may be used. 
When the electrodes of the actuator 833 and the electrical contacts B32 of the mounting structure 830 are connected 
to each other, as shown in Fig. 32, the periphery of the actuator 833 is molded by resin 834 and sealed tightly so as 
to prevent a liquid from moving on the back side of the actuator 833. By doing this, a module 840 having the mounting 
structure 830 and the actuator 833 is manufactured. 

[0208] The elongated members 801 have a relatively high rigidity. Therefore, the actuator (piezo-electric device) can 
be supported by the distal ends 802 of the elongated members 801 . 

[0209] As shown in Figs. 33A to 33D, the actuator 833 has a piezo-electric element 845 constituting a sensor part 
(vibration part) for detecting a liquid and the piezo-electric element 845 has an upper electrode 841 , a lower electrode 
842, and a piezo-electric layer 843 held by the electrodes 841 and 842. The piezo-electric element 845 is arranged 
on one side of a vibrating plate 846 and a cavity forming member 847 is arranged on the other side of the vibrating 
plate 846. At the center of the cavity forming member 847, a circular cavity (opening) 848 is formed and the piezo- 
electric element 845 is arranged at the position corresponding to the cavity 848. The upper electrode 841 is connected 
to an upper electrode terminal 849 and the lower electrode 842 is connected to a lower electrode terminal 850. 
[0210] The module 840 is mounted on the same circuit board (not shown in the drawing) as that of the memory 
module (not shown in the drawing). In this case, when the projections 825 shown in Figs. 30A to 30D are inserted into 
the holes formed in the circuit board, the module 840 and the circuit board are positioned, and in this state, the electrical 
connections of the module 840 and the circuit board are connected by soldering or others. 

[021 1] The module 840 mounted on the circuit board is inserted through the through hole formed in the side wall of 
the liquid container and fixed to the liquid container so that the part of the actuator 833 is projected into the liquid 
container. The liquid in the liquid container is in contact with the vibrating plate 846 via the cavity 848. 
[0212] As mentioned above, according to this embodiment, the molded part 811 is integrally formed by resin molding 
with the pair of conductive members 831 constituting the three-dimensional circuit for applying a drive signal to the 
actuator 833, so thatthe mounting structure 830 for attaching the actuator 833 to the liquid container at a predetermined 
position can be manufactured with high dimensional precision, thus the consumption condition of , the liquid in the liquid 
container can be detected with high precision by the module 840 having the actuator 833 and the mounting structure 
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[0213] Next, the mounting structure of another embodiment of the present invention will be explained by referrinato 
Figs. 34Ato 34C. a 
[0214] As shown in Figs. 34A to 34C, a mounting structure 860 according to this embodiment has a base 862 on 
which a control element and a memory or a unit 861 (hereinafter referred to as "control element, etc. 861") composed 
of a control unit and a memory which are integrated for controlling an actuator (not shown in the drawing) constituting 
a piezo-electric device is mounted and a projection 863 which is projected from the base 862 and on which an actuator 
is mounted. The control element, etc. 861 is, for example, an integrated circuit (IC) for a memory. 
[0215] The projection 863 has a column 867 projected from the base 862 and a circular and plate sealing part 868 
for sealing the end opening of the column 867. On the surface of the sealing part 868, a concavity 866 for receiving 
the actuator constituting the piezo-electric device is formed. 

[0216] On the mounting structure 860, a plurality of electric wires electrically connected to at least one of the actuator 
and the control element, etc. 861 are three-dimensionally formed by two-color molding resin plating. More concretely 
a pair of through holes 869 passing through the sealing part 868 are formed on the bottom of the concavity 866 and 
the pair of electric wires 864 reach the back side of the sealing part 868 from the bottom of the concavity 866 via the 
inner surface of the through hole 869 and. are further formed continuously up to the backside of the base 862 Further, 
the plurality of electric wires electrically connected to the control element, etc. 861 are continuously formed from the 
surface of the base 862 to the back thereof via a plurality of through holes 870 formed in the base 862. 
[021 7] The electric wires 864 and 865 on the back side shown in Fig. 34B function as contacts with which the contact 
type connectors installed in a printer carriage come in contact. Namely, when an ink cartridge is mounted to the printer 
carnage, the electric wires 864 and 865 on the back side shown in Fig. 34B are pressed against the contact type 
connectors. 

[0218] In the mounting structure 860 shown in Figs. 34A to 34C, the electric wires 864 and the electric wires 865 
are'not connected and this example is a one when a memory is to be used as the control element, etc. 861 When a 
control element is to be used as the control element, etc. 861 , the electric wires 864 and the electric wires 865 mav 
be laid so as to be connected. 

[0219] The two-color molding resin plating method may be called a two-shot method or a non-catalytic method and 
patterning is carried out by two times of injection molding. A typical example of the two-color molding resin plating 
method may be roughly explained below. Firstly, the first molding (primary molding) is executed by resin capable of 
plating, and next the whole is chemically etched, and a catalyst which is a core of plating is given. Then, the part where 
no plating is to be deposited is cover-molded (secondary molding) by secondary resin and then plated. Namely the 
two-color molding resin plating method is a method for depositing plating of a conductive metallic material, for example, 
gold only on the part exposed on the primary molding processed surface. 

[0220] As mentioned above, according to the mounting structure of this embodiment, the electric wires electrically 
connected to the actuator and control element are formed three-dimensionally by two-color molding resin plating and 
at the time of forming the base 862 and the projection 863 of the mounting structure 860, the electric wires 864 and 
865 can be formed at the same time, so that the manufacturing process can be greatly simplified and a large number 
of mounting structures 860 can be easily formed at the same time. Further, the forming position precision of the electric 
wires 864 and 865 in the mounting structure 860 is high ; so that the mounting position precision of the actuator to the 
mounting structure 860 is high, and the liquid detection precision is improved, and more over, the mounting position 
precision of the control element, etc. 861 to the mounting structure 860 is also high, and the connection reliability 
between the control element, etc. 861 mounted to the mounting structure 860 and the external electrical contact is also 
improved. 

[0221] Next, the module of another embodiment of the present invention will be explained by referring to Figs. 35 to 



[0222] Fig. 35 is an exploded perspective view showing the module of this embodiment, and the module has the 
actuator 833 shown in Figs. 33A to 33D, and the actuator 833 is thermally welded to a plate 881 composed of stainless 
steel with a polyolefin film 880. The polyolefin film 880 is shaped so as not to cover the sensor unit of the actuator 833 
and an opening is formed at the center of the plate 881 , thereby it is structured so that the liquid in the liquid container 
comes in contact with the sensor unit of the actuator 833 via the opening at the center of the plate 881 . The plate 881 
is adhered to the upper end of a cylindrical case 882 made of resin liquid tightly, thus the actuator 833 is housed in the 
case 882. 

[0223] To electrically connect a pair of electrodes 884 formed on a circuit board 883 where a control element (not 
shown in the drawing) such as a semiconductor memory for controlling the actuator 833 is mounted and a pair of 
electrodes (not shown in the drawing) of the actuator 833, a pressed-and-held connector 885 is housed in the case 
882 so that the pressed-and-held connector 885 is held between the circuit board 883 and the actuator 833 and the 
case 882 and the circuit board 883 are fixed by adhesion. By doing this, the actuator 833 and the circuit board 883 are 
electrically connected via the pressed-and-held connector 885. 
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[0224] Figs. 36A and 36B show an example of the pressed -and -held connector 885 and the pressed-and-held con- 
nector 885 is that a plurality of brass wires 886 plated with gold are held by silicone sponge rubber members 887 
comparatively soft and the periphery thereof is covered by a silicone solid rubber member 888 which is sufficiently 
strong not to be buckled at the time of pressing. A cavity 889 is formed in the silicone solid rubber member 888 at the 

5 part corresponding to the sensor part (vibration part) of the actuator 833 so as to prevent the vibration of the sensor 
part of the actuator 833 from obstruction. The cavity 889 may be formed by boring by a press and may be formed at 
the time of molding of the silicone solid rubber member 888. In the example shown in Figs. 36A and 36B, the plurality 
of brass wires 886 extending in the compression direction are arranged in two rows on both sides of the cavity 889 
and the arrangement directions of the rows of the plurality of brass wires 886 are parallel with each other. 

10 [0225] Figs. 37A and 37B show another example of the pressed-and-held connector 885 and a difference from the 
constitution shown in Figs. 36A and 36B is that the plurality of brass wires 886 are arranged in a transverse row. 
[0226] Even when the relative position of the actuator 833 and the pressed-and-held connector 885 is shifted at the 
time of assembling the module shown in Fig. 35 using the pressed-and-held connector 885 shown in Figs. 36A and 
36B or Figs. 37A and 37B, in the arrangement direction of the brass wires 886, the contact between the electrodes of 

15 the actuator 833 with the brass wires 886 is ensured. Therefore, when the brass wires 886 are arranged in the direction 
in which the shift at the time of assembly is large, the electrodes of the actuator 833 and the electrodes 884 of the 
circuit board 883 can be electrically connected surely. 

[0227] Figs. 38A and 38B show still another example of the pressed-and-held connector 885 and in this example, a 
pair of conductive silicone rubber members 890 containing carbon are used instead of the brass wires and the con- 
20 ductive silicone rubber members 890 are integrated by an insulating silicone rubber member 891 . Between the con- 
ductive silicone rubber members 890, the cavity 889 is formed in the same way as with the pressed-and-held connector 
885 shown in Figs. 36A and 36B or Figs. 37A and 37B. 

[0228] Figs. 39A and 39B show a further example of the pressed-and-held connector 885 and in this example, the 
left and right ' halves of the pressed-and-held connector 885 shown in Fig. 36A are connected using the insulating 
25 silicone rubber 891 shown in Fig. 38A instead of connecting by continuously forming the silicone solid rubber member 
888 itself. 

[0229] Figs. 40A and 40B show a still further example of the pressed-and-held connector 885 and in this example, 
the left and right halves of the pressed-and-held connector 885 shown in Fig. 37A are connected using the insulating 
silicone rubber 891 shown in Fig. 38A instead of connecting by continuously forming the silicone solid rubber member 
30 888 itself. 

[0230] According to the pressed-and-held connector 885 having the constitution shown in Figs. 38A to 40B, the 
boring process for forming the cavity 889 is not necessary. 

[0231 ] As mentioned above, according to the module of this embodiment, the actuator 833 and the circuit board 883 
can be electrically connected via the pressed-and-held connector 8B5, so that no soldering operation is required for 

35 connection and the manufacturing method is made easier. 

[0232] The embodiments of the present invention are explained above. The scope of the present invention is not 
limited to the range described in the embodiments aforementioned. For example, the liquid container of the present 
invention is not limited to the ink cartridge and can be applied to the other kinds of liquid containers. Various changes 
or improvements can be applied to the embodiments aforementioned. It is obvious from the description in the claims 

40 that any configuration to which such various changes or improvements are applied is included in the scope of the 
present invention. 

[0233] As clearly described by the explanation aforementined, according to the present invention, the piezo-electnc 
device can be appropriately mounted or demounted from the liquid container. 



45 

Claims 

1. A mounting structure for mounting a piezo-electric device used to detect a consumption condition of f liquid in a 
liquid container to said liquid container, comprising: 

50 

a receiving portion to which said piezo-electric device is to be mounted; and 
a mount portion adapted to be mounted to said liquid container. 



2. A mounting structure according to Claim 1 , 

55 

wherein said receiving portion has an opening; 

wherein said piezo-electric device has a vibrating portion; and 

wherein said vibrating portion of said piezo-electric device comes in contact with said liquid in said liquid 
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container via said opening. 

3. A mounting structure according to Claim 1 or 2, further comprising a mounting plate having an opening, 
wherein said piezo-electric device is to be mounted to said receiving portion via said mounting plate. 

4. Amounting structure according to any one of the preceding claims, wherein said receiving portion is formed on a 
top of said mount portion. 

5. A mounting structure according to any one of the preceding claims, wherein said mount portion has a column 
adapted to be fitted into a through hole formed in said liquid container. 

6. A mounting structure according to Claim 5, wherein said mount portion has a substrate integrally formed with said 
column. 

7. A mounting structure according to any one of the preceding claims 1 , wherein a fitting part between said mount 
portion and said liquid container has a sealing structure. 

8. A mounting structure according to any one of the preceding claims, wherein said receiving portion is formed so as 
to be mclined with respect to a liquid surface in said liquid container. 

9. A mounting structure for mounting a piezo-electric device used to detect a consumption condition of a liquid it a 
liquid container to said liquid container as an integral structure comprising: 

a lead wire adapted to be in contact, with an electrode of said piezo-electric device; and 
a molding portion for molding a junction between said lead wire and said liquid container. 

10. A mounting structure according to Claim 9, further comprising a leg for projecting said piezo-electric device into 
said liquid container. 

30 11. A module comprising: 

a piezo-electric device used to detect a consumption condition of a liquid in a liquid container, said piezo- 
electric device having a piezo-electric element which includes a piezo-electric layer held by a pair of electrodes; 
and 

35 a mounting structure according to any one of the preceding claims. 

12. A module according to Claim 11, wherein said piezo-electric device further has a vibrating plate on one side of 
which said piezo-electric element is arranged: and a cavity forming member having a cavity which is arranged on 
the other side of said vibrating plate, and 
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wherein said vibrating plate can come in contact with said liquid in said liquid container via said cavity. 

13. A module according to Claim 1 :2, wherein said cavity forming member is a substrate on which said piezo-electric 
element and said vibrating plate are formed integrally. 

14. A module according to Claim 12, wherein said cavity forming member is a mounting plate mounted to said piezo- 
electric device. 



15. A module according to Claim 13, further comprising a mounting plate having an opening, 

wherein said cavity of said substrate and said opening of said mounting plate are arranged so as to be 
50 interconnected. 

16. A module according to any one of claims 11 to 15, wherein said piezo-electric device is mounted on a side of said 
receiving portion which is formed so as to project from said mount portion. 

55 17. A module according to any one of claims 1 1 to 1 6, further comprising an insulating portion for insulating said piezo- 
electric element from said liquid in said liquid container. 

18. A module according to Claim 17, further comprising, a molding portion for molding a mounting part between said 
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receiving portion and said piezo-electric device. 

19. A module according to any one of claims 11 to 18, wherein a counter electromotive force is generated by a residual 
vibration remaining in said piezo-electric device. 

5 

20. A module according to any one of claims 11 to 1 9, further comprising a circuit board. 

21 . A module according to any one of claims 11 to 20, wherein said mounting structure has a pair of conductive mem- 
bers connected to said pair of electrodes of said piezo-electric element; and 

io wherein said piezo-electric device is supported by said pair of conductive members. 

22. A liquid container comprising: 

a container body; and 
15 a module according to any one of claims 11 to 21 . 

23. A liquid container according to Claim 22, wherein said receiving portion is arranged so as to be projected into said 
container body. 

20 24. A liquid container according to Claim 23, wherein said receiving portion is formed so as to be inclined to a liquid 
surface in said container body. 

25. A liquid container according to any one of claims 22 to 24, wherein a mounting part between said mount portion 
and said container body is molded. 

25 

26. A liquid container according to any one of claims 22 to 25, characterized in that said module is mounted on said 
container body in a removable state. 

27. A mounting structure for mounting a piezo-electric device used to detect a consumption condition of a liquid in a 
30 liquid container to said liquid container, comprising: 

a pair of conductive members for supplying a drive signal to said piezo-electric device; and 
a resin-molded part molded integrally with said pair of conductive members, 

wherein said pair of conductive members include distal ends electrically connected to said piezo-electric de- 
35 vice, proximal ends electrically connected to a circuit board, and intermediate parts for connecting said distal 

ends and said proximal ends, and 

wherein at least a part of said intermediate parts is embedded in said molded part. 

28. A mounting structure according to Claim 27, wherein said pair of distal ends are arranged on a same plane, and 
40 wherein said pair of proximal ends are arranged on another same plane which is different from said same 

plane on which said pair of distal ends are arranged. 

29. A mounting structure according to claim 28 : wherein each of said pair of conductive members is formed by bending 
an elongated member of a conductive material, 

45 

wherein said same plane on which said pair of distal ends are arranged and said another same plane on which 
said pair of proximal ends are arranged are parallel with each other, and 

wherein portions of said elongated members positioned on said same plane and portions of said elongated 
members positioned on said another same plane are not overlaid with each other in a direction perpendicular 
so to said same plane and said another same plane. 

30. A mounting structure according to any one of claims 27 to 29 : wherein, when said molded part is formed by resin- 
molding, said pair of distal ends are connected with each other by a connection member, and said connection 
member is removed after resin-molding is completed. 

55 

31 . A mounting structure according to Claim 30, wherein, in order to position said pair of conductive members to a die 
used for resin molding of said molded part, a positioning hole, through which a part of said die is to be inserted, 
is formed in said connection member. 



24 



EP 1 155 864 A1 



10 34. 



32. A mounting structure according to Claim 31 , wherein said positioning hole is formed in a position corresponding 
to a vibration part of said piezo-electric device. 

33. A mounting structure according to any one of claims 30 to 32, wherein a female die and a male die to be fit to said 
female die are used for resin molding of said molded part, and 

wherein a part of said pair if conductive members connected by said connection member has a contour 
corresponding to a partial structure of said male die so as to position said pair of conductive members to said male 
die. 

A mounting structure according to any one of claims 27 to 33, wherein, at the time of resin molding of said molded 
part, at least a part of said pair of distal ends is held by a pair of dies, thereby at least a part of said pair of distal 
ends is exposed without being embedded in resin, and said exposed part of said pair of distal ends forms an 
electric contact point. 



15 35. A mounting structure according to any one of claims 27 to 34, wherein a concavity for receiving said piezo-electric 
device is formed in said molded part, and 

wherein said pair of distal ends are arranged on a bottom of said concavity. 

36. A module comprising: 

a piezo-electric device used to detect a consumption condition of a liquid in a liquid container; and 
a mounting structure for mounting said piezo-electric device to said liquid container, said mounting structure 
including a pair of conductive members for supplying a drive signal to said piezo-electric device, and a resin- 
molded part molded integrally with said pair of conductive members, 

wherein said pair of conductive members include distal ends electrically connected to said piezo-electric de- 
vice, proximal ends electrically, connected to a circuit board, and intermediate parts for connecting said distal 
ends and said proximal ends, at least a part of said intermediate parts being embedded in said molded part, 
wherein said piezo-electric device has a piezo-electric element having a piezo-electric layer held by a pair of 
electrodes, a vibrating plate on one side of which said piezo-electric element is arranged, and a cavity forming 
member having a cavity arranged on the other side of said vibrating plate, and 
wherein said vibrating plate comes in contact with said liquid in said liquid container via said cavity. 

37. A module according to Claim 36, wherein said pair of electrodes are electrically connected to said pair of distal 
ends of said mounting structure with a conductive adhesive, and 

wherein a periphery of said piezo-electric device is sealed with resin so as to prevent said liquid from moving 
toward a back of said piezo-electric device. 

38. A module according to claim 36 or 37, wherein said piezo-electric device is supported by said pair of conductive 
members. 

39. A mounting structure for mounting a piezo-electric device used to detect a consumption condition of a liquid in a 
liquid container to said liquid container, comprising: electrical wires adapted to be electrically connected to said 
piezo-electric device; 

45 a base in which at least a portion of said electrical wires is disposed; and 

a projection to which said piezo-electric device is to be mounted, said projection being projected from said base, 
wherein said electrical wires are formed three-dimensionally by two-color molding resin plating. 

40. A mounting structure according to Claim 39, wherein a concavity for receiving said piezo-electric device is formed 
so on an end of said projection, and 

wherein, on a bottom of said concavity, at last a part of said electrical wires forms parts which are to be 
electrically connected to a pair of electrodes of said piezo-electric device. 

41 . A mounting structure according to Claim 40, wherein said projection has a tube part projected from said base and 
55 a sealing part for sealing an opening at a top of said tube part, 

wherein said concavity is formed on a surface of said sealing part, 

wherein a through-hole passing through said sealing part is formed at said bottom of said concavity, and 
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wherein said electrical wires electrically connected to said pair of electrodes of said piezo-electric device are 
continuously formed from said bottom of said concavity, to a back side of said sealing part via an inner surface 
of said through-hole. 

5 42. A module comprising: 

a piezo-electric device used to delect a consumption condition of a liquid in a liquid container; 
a circuit board electrically connected to said piezo-electric device; and 

a pressed-and-held connector which is pressed and held between said circuit board and said piezo-electric 
10 device so as to electrically connect a pair of electrodes formed on said circuit board and a pair of electrodes 

of said piezo-electric device. 

43. A module according to Claim 42, wherein said pressed-and-held connector has an insulating elastic muter which 
is held and elastically compressed between said circuit board and said piezo-electric device, and a plurality of 

15 conductors extending inside said elastic member in a compression direction. 

44. A module according to claim 42 or 43, wherein said pressed-and-held connector has a pair of conductive rubber 
members arranged between said pair of electrodes formed on said circuit board and said pair of electrodes of said 
piezo-electric device and an insulating rubber member for mutually connecting said pair of conductive rubber 

20 members. 

45. A module according to any one of claims 42 to 44, wherein said piezo-electric device has a piezo-electric element 
having a piezo-electric layer held between a pair of electrodes, a vibrating, plate on one side of which said piezo- 
electric element is arranged, and a cavity forming member having a cavity arranged on the other side of said 

25 vibrating plate, and 

wherein said vibrating plate comes in contact with said liquid in said liquid container via said cavity. 
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